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Driving a car shaker is like riding a bucking bronco—and 
the motor and bearings that do the job have got to be tops in 
every detail for such rugged service. 


But even under these rough, tough load conditions, high 
capacity New Departure ball bearings assure exact rotor 
location—full electrical and mechanical motor efficiency. 


An important feature of the bearing mountings is the use 
of a “metering plate’’ which regulates grease flow 
and prevents excessive grease pressure against the 
bearings. They cannot be under- or over-lubricated. 
Yes, motor and bearings are built to maintain pre- 
cision at operating extremes. 


Such motors are safe for long periods without atten- 
tion—the bearings are fully protected from dirt and 
there is no grease leakage into the windings. Write 

Metering plate adjacent to bearing Al for details on New Departure shielded ball bearings. 
prevents overlubrication. Excessive ] - { 


grease pressure is relieved outwards 


around shaft. No grease can be VISIT NEW DEPARTURE AT THE 


forced into motor. - / | DESIGN ENGINEERING SHOW, COLISEUM, NEW YORK CITY, 


MAY 20-23, 1957, SPACE 1240 
Right: Shielded ball bearing always 


tai d te grease ly. 
ae nr SEE “WIDE WIDE WORLD” SUNDAYS—NBC-TV 


BALL BEARINGS MAKE GOOD PRODUCTS BETTER 


NEW DEPARTURE e DIVISION OF GENERAL MOTORS e BRISTOL, CONN: 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





“CLOSE TOLERANCES...UNIFORMITY’”’ 


Reasons Strong Electric Corporation 


uses BODINE MOTORS 


l] ty} e wna 
ld give them the speeds, 
meet their requirements 


7/ motor, this wide selection w 


> lamps, 


irn carbons at the rate o 


mpared to about 


=e Bt 


Inside each Strong Super *135’’ motion picture projection lamy 
s this base and burner mechanism. The gear reduction ends of 
odine Type NSH-12R motors drive negative and positive 

n feeds. Opposite ends of motors drive fans to cool lamy 

} irc. Dependable functioning of this automatic arc 

1ing system is important because a variation of only 

ise a loss of brightness and a change in light color. 


Why are Bodine Motors used for 
Strong projection lamps? 

Mr. A. J. Hatch, president, 

The Strong Electric Corporation, 
Toledo, Ohio, gives these reasons: 


"We needed a rugged and precision 
engineered motor for our Super 135 
Motion Picture Projection Lamps, a 
motor providing dependable and 
trouble-free service. Only Bocline 
could supply motors with the speeds, 
power output and torque characteris-— 
tics to meet our requirements. We like 
these motors because of their close 
tolerances and uniformity which makes 
them completely interchangeable." 


Be sure your motor is as good as your product. For information con- 
tact Bodine Electric Company 2256 West Ohio St., Chicago 12, Ill. 


BODINE 


fractional : 
Mele 131) de 


MOTORS 


...the power behind the leading products 


Bodine manufactures fractional horsepower electric motors for: 


adding machines, letter openers, sanders, vending machines, 
exhaust fans, duplicating machines, hand dryers, portable tools, 
sound recorders, air conditioners, check protectors, 

respirators, voltage regulators, X-ray timers, traffic signal timers, 
stirrers, calculating machines, envelope sealers, and for 

many other applications. 
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Broad Tolerance Product Design. 
The phrase “a product that will sell” is 
possibly less in the cliché class if it has 
a two-fold meaning, as it does in the 
case of the new “Corsair 20” cigarette 
vending machine. The design program 
for a new 
itself by 

product, in this case cigarettes, is re- 


product which would sell 


effectively “selling” another 
lated in the feature starting on page 
156. The closely knit design objective- 
solution attitude was maintained by ex- 
emplary teamwork between the indus- 
trial designer, the development engineer 
and his staff, and the vending machine 
market-seasoned management of Con- 
tinental, the firm now actively produc- 
ing the new vendor. An aspect of inter- 
est to the engineering fraternity is that 
William Danziger, the 
directed the program and who is now 


engineer who 


chief engineer and executive vice-presi- 
dent of Continental. 
previous vending machine design expe- 


could claim no 


rience; the “fresh-eye” approach cer- 
tainly worked here. 


Thermistor Testing. |! is remotely 
(?) possible that a highly qualified test 
engineer can go wrong when proper 
test information is not available. With 
the increased use of thermistors, it is 
believed that publication of proper test 
procedures for evaluating these tricky 
components might save a lot of tribula- 
tion. The Victory Engineering Corpora- 
tion makes thermistors and their chief 
engineer, M. L. Miller. has prepared an 
article for us pointing out all the pre- 
cautions that have to be taken into con- 
sideration in thermistor testing. It starts 


on page 102. 


Capsule Calculus. A year ago Evrc- 
TRICAL MANUFACTURING completed a 
series of five articles on “Fundamentals 
of Servomechanism Design.” The tech- 
nical level of approach was chosen to 
impart to readers a knowledge of servo 
principles broad enough in scope and 
sufficient in detail to enable them to 
design and apply simple servomecha- 
nisms and to do so without resort to 


very complex math. Available textbooks 
treat the subject in terms of complex 
mathematics almost unintelligible to 
the engineers some years out of college. 
Ira Ritow, the author of the series, is a 
competent servo engineer and also a 
part-time teacher, hence ideally suited 
to making complex mathematical forms 
readily understandable. 

The series proved very popular as 
was indicated by sales of thousands of 
copies of the combined reprint, still 
going strong. Hence when the editors 
conceived the idea of presenting a re- 
fresher course on calculus, they 
Ritow 


author. The current 


natu- 


rally turned to as the logical 
insert article, be- 
ginning on page 107 is a calculus re- 
fresher with the emphasis on under- 
standing and developing a feeling for 
higher math rather than a facility for 
manipulating symbols to 


solve prob- 


lems. Author Ritow maintains that the 
basic ideas of calculus are simple and 
has written this article to keep them 
take a little 


readers will be 


this way. Sure. it will 


cramming. but many 
surprised at how quickly they develop 
a “feel” for equations previously re- 
garded as imponderable. A reprint is 


available through the post card facility. 


Selecting Environmental Test 
Equipment. Equipment designed to 
simulate extremes of environmental con- 
ditions spelled out by military specifica- 
tions have their own performance re- 
quirements well defined. In purchasing 
such 


required minimum 


limits must be handled 


equipment, 
judiciously so 
that the equipment will be neither mar- 
ginal in 


performance nor subject to 


early obsolescence as products and 
specifications change. These and other 
factors are discussed in an article be- 
ginning on page 127. 


environmental 


A source list of 
equipment manufactur- 
ers and their products is included. The 
author is John Cammarata, head of the 


environmental department at Arma. 


Mechanical Design Considera- 
tions in Control. More and more it 





in This issue 


is becoming apparent that no one class 
of engineers knows all the answers to 
a complex design problem. In the de- 
sign of automatically controlled indus- 
trial machinery, there are two major 
electrical and mechan- 
ical and/or hydraulic. We suspect that 


problem fields 


the average mechanical designer is 
loathe to tackle the theoretical aspects 
of electromechanical servo systems. But 
the electrical guy is often brash enough 
to believe that there are no booby traps 
for him in the mechanical limitations 
that affect stability and end point ac- 
curacy of closed-loop servo controls. 
Beginning on page 132. a couple of 
General Electric control engineers dis- 
cuss broadly what these mechanical 
factors can do to a servo-guided ma- 
chine tool slide. Included are backlash 
in gearing, wind-up in shafting. sticki- 
ness or stick-slip and friction in ways, 
not to forget deflection and vibration, 


and inertia of moving parts. 


“Inchworm” Motor. A team of engi- 
neers at Airborne Instruments Labora- 
tory has come up with a unique answet 
to one of the problems raised in the 
preceeding article— namely the effect 
of stickiness of machine tools ways on 
positioning accuracy. Stick-Slip is what 
they call the chattering action of work 
slides on very small feed 
friction alternately 
way to running friction. Chattering only 


increments 
when static gives 
occurs when there is wind-up in drive 
elements like leadscrews. In the solu- 
tion described, wind-up is eliminated 
through the invention of a linear actua- 
tor based on the magnetostriction effect 
of nickel. By sequentially clamping one 
end, both ends and then the other end 
of a nickel rod subjected to a magnetic 
field. a creep is produced in steps of 
100 millionths of an inch or fraction 
thereof. Hence the inchworm appela- 
tion. This is just about the increment 
needed in precision grinding operations 
where electric gaging is applied in a 
closed-loop system. Other uses will sug- 
gest themselves. Starts on page 136. 
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Miniaturization via Liquid Di- 
electrics. Not only liquid but also 
gaseous dielectrics can be utilized to 
effect significant reductions in size and 
weight of magnetic components such as 
transformers. Working on a Bureau of 
Ships contract, Raytheon Manufactur- 
ing Company has successfully minia- 
turized several types of transformers by 
employing fluorochemical liquids, vapor 
and gases, in combination with certain 
heat-conduction techniques. The excel- 
lent heat-transfer characteristics of the 
fluorochemicals were supported by their 
many inherently superior dielectric and 
physical porperties. The L. F. Kilham 
and R. R. Ursch report beginning on 
page 140 reviews the properties of the 
fluorochemicals, analyzes design con- 
siderations, and discusses several con- 
crete applications. 


More on Liquid Dielectrics. Aging 
and temperature problems with fixed 
paper capacitors may be solved with 
the use of new fluorinated liquid im- 
pregnants. Such capacitors have passed 
military MIL-C-25A for 
accelerated aging by withstanding 85 C 


specification 


and 130 per cent rated voltage for 250 
hr. Details of a Naval Research Labora- 
tory investigation are given in an article 
by T. D. Callinan and J. B. 
Turn to page 146. 


Romans. 


Functional Film Resistor Mate- 
rials. It is difficult, and frequently im- 
possible, to meet the severe performance 
requirements for contemporary elec- 
tronic equipment by empirical selection 
of components made from conventional 
materials. Fixed resistors constitute a 
case in point. Resistance values, tem- 
perature coefficients over a wide range. 
adaptability to miniaturization, and 
other objectives can best be achieved 
by beginning with synthesized func- 
tional materials of appropriate proper- 
ties and ultimately engineering them 
into resistor elements. A documented 
analysis of various film-resistor ma- 
terials is given by Dr. A. E. Middleton 
of P. R. Mallory & Co., Inc., in this issue 
beginning on page 149. 
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This Month’s Cover 


The dyamics of design engineering is 
symbolized in cover composition 
abstraction of any and all machines. 
In this three-dimensional articulation 
of plane and curve, we have the ele- 
ments of the articulation of basic com- 


an 


| oe are 


AO Frere rarirss 


ponents and materials into an end product of power and motion. 


Symbolic, too, is the inclusion in the cover design of the classic 


| 
differential equation of the relationship between time and motion. 
It represents concepts of speed, acceleration and force, inherent 
parameters in the design of any machine where power is applied 
j 
i 
i 


through moving members. 


Iron Core Inductor Design. The 
design engineer’s well-thumbed note- 
book is a resource of particular value 
in the field of magnetic devices. Non- 
linear factors predominate, and their 
interlaced complexity can be unravelled 
only by the tempered design insight de- 
rived from extensive practice. Jack Scott 
gives the benefit of his transformer and 
reactor design familiarity in the article 
on inductors page 154, in which the 
stress is on sequence of calculation 
steps and empirically learned factors 
for reconciling lamination dimensions, 
coil and insulation space factors, in an 
orderly manner. 


Power Transistor Thermal Con- 
siderations. The value of operating 
junction temperature is of utmost im- 
portance in power transistor applica- 
tions. A method 
operating junction 


of determining the 
temperature of a 
power transistor for both steady state 
and transient conditions is described by 
Bernard Reich of the U. S. Army Signal 
Engineering Laboratories in an article 
beginning on page 162. The method 
is based on a single stud-temperature 
measurement and the particular manu- 
facturer’s value of thermal resistance. 
{ method of determining thermal re- 
sistance is also given. 


New Single Stage Compensated 
Servo Valve. [n an original effort to 
overcome the deficiencies of conven- 
tional electro-hydraulic valves for use 
in autopilots, radar arrays, ship steering 
and roll stabilization, the new valve 
described here, page 96, was invented 







by Cyrus Beck, the author of the article. 
“clean” 
in the sense that the desired objective, 


The development is unusually 


which was to achieve adjustable gain 
with independence of load and system 
pressures, was accomplished by design 
innovations in the valve itself rather 
than by resorting to external or aux- 
iliary devices. In combination with the 
complementary amplifiers and the vari- 
ety of electrical transducers produced 
by the Automatic Temperature Control 
Co., the new Beck valve leads to unified 
indus- 
trial and process regulation involving 


and versatile control loops Lor 


considerable power. The applications 
described were selected to indicate the 
scope of control problems open to this 
new electro-hydraulic system. 


Coming Up 


June array of feature articles leads off 
with an IBM contribution analyzing 
function of semiconductor devices in 
miniaturized design . .. . the first story 
Electric’s static switching 
control using contactless logic elements 
to perform relay functions. and a 
summary review of latest developments 
in technical glass materials and com- 
ponents. Also watch for these highlights: 
Details of magnetic-amplifier controlled 
system for power drives... . a spot 


of General 


review of this year’s relay symposium 
at Oklahoma A & M (for four years 
an EvectricAL MANUFACTURING | fix- 
ture! ) . a report on the development 
of aluminum-clad magnet wire for high- 
temperature uses . and another on 
the design of magnetic amplifiers and 
transformers for super-high-tempera- 
ture applications. 





Research 
Horizons 


Super-Pure Silicon 
Optical Devices 


Infrared detection devices sensitive to 
subzero targets are now feasible through 
the use of solid, opaque silicon optical 
parts, according to the Raytheon Man- 
ufacturing Company, Waltham. Mass. 
Major advance in infrared technology 
is seen: Probing by quartz devices is 
effective only at 500 F up: by sapphire 
devices, 250 F up. Impurities in the 
silicon have been controlled down to 1] 
part 100 million. 

Simpler, lighter infrared systems can 
be designed, both military and indus- 
trial. Plus factor: Ability of silicon to 
resist the effects of 


corrosive atmos- 


pheres. 


New High-impact 
Thermoplastic 


\ polycarbonate (Lexan) an- 
nounced by General Electric Company's 
Chemical Development 
Pittsfield, Mass., is described as pro- 


viding an unusual combination of prop- 


resin 


Department, 


w 


erties in 


the thermoplastic field. Se- 


lected values follow: 


Impact strength, 
notched Izod 
Tensile, ultimate 
Water absorption, 

24 hr 
Heat distortion, 
264 psi 


12-16 ft-lb/ in.. 
9000- 10.500 psi, 


0.3 per cent. 
280-290 F. 


283-293 F. 
Self-extinguishing 


60 pst 
Flammability 


In addition, the new resin provides 
good average electrical properties. Are 
100-140 sec; dielectric 
constant at 60 cps, 2.80 and at 10°, 
2.85; factor at 60 cps, 0.009, 
and at 10°, 0.0095; dielectric strength, 
short-time, 400 vpm; volume resistivity, 

6 x 10! ohm-cm. 


resistance is 


power 


All values on in- 
jection-molded specimens, at room tem- 
perature, unless otherwise noted; stand- 
ard ASTM tests except on volume re- 
sistivity. 

Evaluation is underway in injection 
and extrusion molding compounds, film. 
varnish and coatings. Potential appli- 


Make-Up for Earth Satellite: 
The Engineer Research and 
Development Laboratories 
at Fort Belvoir, Virginia, has 
the responsibility of develop- 
ing the protective coating 
for the “Project Vanguard” 
earth satellite. The triple 
coating of the magnesium 
sphere will consist of chro- 
mium, then aluminum (for 
high visible 
and, finally, 
oxide for 


reflectance ) 
silicon) mon- 
oxidation resist- 
ance. Illustration shows Dr. 
Georg Hass, chief of Physics 
Research Laboratory, ERDL, 
checking vacuum vat equip- 
ment for final 
eration. 


coating op 


Coil 
decorative 


cations: forms, functional and 
appliance parts: gears; 
housings and structural parts generally ; 
electronic component elements. Out- 
standing feature: Toughness—claimed 
to be strong enough to replace metals in 
many applications. Technical data? 
Available on request. Samples? Not yet, 


waiting for pilot plant operation. 


Cobalt 
Research 


Major world producers of cobalt have 
set up a Cobalt Development Institute 
to function as a technical and scientific 
organization. A research program of 
fundamental studies is being launched. 
Technical data on the properties and 
applications will be disseminated. The 
Institute announces that cobalt reserves 
and production capacities are now suf- 
ficient to assure regular and abundant 
supplies for new uses that may be plan- 
ned. Headquarters are in 
Belgium. U. S. A. representative is the 
Cobalt Information Center. Battelle 
Memorial Institute. Columbus. Ohio. 


Brussels, 


Wider Uses for 
Foam-Type Resins 


Use of foam-type casting resins for 
embedment and encapsulation of elec- 
tronic components and subassemblies is 
rapidly on the increase. Reason: Light- 
weight foam-type construction provides 
obvious design advantage in airborne 
(including missile) applications. Types 
of foam resins now available include 
not only the first practical foam-type 
casting resins. the isocyanates, but also 
other foam resins, including the epoxies. 
Most newsworthy applications: In the 
earth satellite. 

Foam-type plastics are also moving 
into structural applications in airborne 
component assemblies. Sandwich con- 
struction is being used for mounting 


elements. Here. apparently a lesson is 
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UTC products are the most copied in the world. This is only natural, since we 
maintain the largest laboratories and engineering staff in our field. However, 
copying alone cannot provide the measure of uniformity and reliability inherent 
in UTC units. To provide for the maximum in quality and reliability, continuing 
programs of quality control and quality improvement are constantly maintained in 


our laboratories. 
WHAT MAKES 4 


TRANSFORMER 
: FAIL? 
Ustrateq fe a few yj 
V 
of the UTC Reliability i 


Oratory jn acti 
Ction.. . find; 
answers. nding 


A large aircraft company. ..‘‘Our vendor analysis for past year (thou- 
sands of tests) shows zero rejects.” 
A large electric company. . . ‘Consistent quality has placed you as our 
#1 source...are grateful for the aid you have given our own quality 
control staff.” 
A large military electronics company... .“Switching from former vendor 
to UTC has saved us 18% of transformer and filter cost by reducing 
manufacturing costs.” 
A large instrumentation company...‘We haven't had one field failure 
in fifteen years’ use of UTC parts*.” 

*Over 100,000 units. 
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RESEARCH HORIZONS 


being applied from big-scale use of 
foam plastic-metal sandwich airframe 
structural sections. 


Circuit Design Dependence 
on Chemical Synthesis 


The dependence of electrical research 
and development on chemical synthesis 
of new solid-state materials was stressed 
in a symposium, “The Role of Solid 
State Phenomena in Electric Cir- 
cuits,” sponsored by the Microwave Re- 
search Institute, Polytechnic Institute 
of Brooklyn, April 23-25, in New York 
As phrased by one of the speakers, FE. 
W. Herold, RCA, Princeton, N. J., “The 
chemical synthesis of an improved com- 
pound, the technology of its use, and/or 
the discovery of a new useful effect in 
these materials, can now do more to 
revolutionize the performance of an 
electric circuit than can all the classic 
ingenuity of the circuit designer.” 


Radiation Damage 
to Lubricants 


Machines and instruments operating in 
nuclear-energy environments require 
radiation resistant lubricants and 
greases as well as radiation-resistant 
metal parts and electrical insulation, 
if failure is to be prevented. 

Radiation - induced degradation in 
lubricants has therefore been actively 
studied in a number of government and 
industry laboratories. In a recent Amer- 
ican Chemical Society paper, B. W. 
Hotten and J. G. Carroll, California 
Research Richmond, 


Calif., report studies in three directions: 


Corporation, 


(1) the nature and extent of damage 
to functional properties of the lubri- 
cants; (2) the mechanism of the dam- 
age; and (3) development and formu- 
lation of new types of lubricants able 
to resist radiation damage. 

Results: Radiation damage in con- 
ventional lubricants was found to be 
severe. Criterion was the change in con- 
sistency. As radiation dosage was in- 
creased, all the lubricants studied first 
softened and then hardened. Softening 
occurred up to 500 to 100 megaroent- 
gens of gamma rays, and was attributed 
to disintegration of gelling agent crys- 
tallites. Hardening took place at higher 
dosages and was found to result from 
oil polymerization. 

By suitable “chemical re-design” lu- 
bricants have been formulated that ex- 
hibit much greater resistance to radi- 
ation damage than the conventional 
materials. Essentially, the “re-design” 
involves the use of synthetic gelling 
agents to replace the sodium stearate 
commonly used. 


8 





Department of 
Obscure Problems 


If you want to go peering a decade 
into the future with the American So- 
ciety of Industrial Designers, you may 
be smack in the middle of design prob- 
lems that involve none other than Dr. 
Sigmund Freud. Speaking at a sympo- 
sium in Chicago, March 25, on “What 
Will be Designed for You in 1967?,” 
industrial designer Dave Chapman 
posed a pretty question: “Can auto- 
mation and Sigmund Freud live to- 
gether in our society?” 

“All the Freudian implications of 
currently popular motivation research,” 
he said, “urge us to let loose our emo- 
tions, and let fashion live. But auto- 
mation and mass production tend to 
give us bloodless, uniform emotionless 
products to live with. The industrial 
designer must try to satisfy emotion- 
alism in the products for tomorrow, 
but also so that they work better and 
can be sold at a better price to more 
people.” 


You pick it up from there... . 


Capsule Notes on 
Research Reports 


Studies of vibration damping by various 
means are referenced in a 101]-page 
bibliography, “Devices for Damping 
Mechanical Vibrations.” M. Benton, 
Naval Research Laboratory. Available 
from Office of Technical Services, De- 
partment of Commerce, Washington 25, 
D. C. Price: $2.75. (Reference No. PB 
121299.) 

{nother OTS title, the 94-page “Re- 
view of the Air Force Materials Re- 
search and Development Program,” H. 


E. Hines and R. F. Walden, WADC, 





New Tough Thermoplastic: Melt-index 
test of General Electric’s new polycar- 
bonate thermoplastic (Lexan) being con- 
ducted by T. R. Calkins at the G-E New 
Product Development Laboratory, Pitts- 
field, Mass. (See detailed story on preced- 
ing page.) 





USAF, includes abstracts of research 
on adhesives, metallurgy, analysis and 
measurement, plastics, rubber, analysis 
and measurement. Covers development 
program, July 1, 1956 to June 30, 1956 
and supplements three earlier volumes 
covering in aggregate research pro- 
grams back to 1943. Price: $2.50. (PB 
111648-52.) 

Seven-page bibliography, “Appli- 
cations and Properties of Zirconium 
and its Alloys,” is available on a com- 
plimentary basis from J. W. Blanton, 
Columbia-National Corp., 70 Memorial 
Drive, Cambridge 42, Mass. Covers 
major books, pamphlets and articles 
published since 1950. 

Summary of the research and develop- 
ment activities of the National Bureau 
of Standards during the fiscal year 
1956, is made available in a 158-page 
“Annual Report 1956: National Bureau 
of Standards, NBS Miscellaneous Pub- 


lication 220,” 


obtainable at 60 cents 
per copy from the Superintendent of 
Documents, U. S. Government Print- 
ing Office, Washington 25, D. C. Among 
the activities reported are programs 
dealing with electronic computers, elec- 
tronic instrumentation, and the prop- 
erties of matter and materials. 


Nylon-Fiber 
Shock Absorber 


\ crimped nylon-fiber material, bonded 
into a self-supporting batting by a 
chemical-thermal process, has potential 
uses as a thermal insulator and vibra- 
tion and shock isolator, among other 
applications. 

Originally developed as an interlining 
for clothing, its inherent shock-absorb- 
ent and thermal characteristics, plus 
other properties, indicate wider uses. 
Some applications have already been 
made as thermal insulation in the mis- 
sile field, according to the manufac- 
turers, Star Woolen Company, Cohoes, 
N.Y. 

The inherent funginert properties of 
nylon are retained in this product. Di- 
mensional stability is reported under 
extreme temperature conditions up to 
the normal melting point of nylon. Can 
be impregnated with any chemical com- 
patible with nylon. Adaptable to die- 
cutting. 


Sidelight on the 
Electronic Age 


It warmed the cockles of our old-fash- 
ioned heart to see the rapt crowd at 
the Corning Glass exhibit at the recent 
IRE Show in New York watching a 
glass blower go through the paces of 
his ancient art in complete oblivion to 
all the surrounding electronic marvels 
and near marvels. 
And if that be heresy. ... 


A.E.J. 
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WHITE STAR GOLD STAR 
SPOOL SOLENOID OIL-IMMERSED SOLENOID BLUE STAR MV BLUE STAR TD BLUE STAR WV 


Mimatch any head to 
any valve body! 


STRAIGHTWAY STRAIGHTWAY 3 WAY 3 WAY 3 WAY _3 WAY 
NORMALLY NORMALLY NORMALLY NORMALLY NORMALLY NORMALLY 
CLOSED OPEN CLOSED CLOSED 


e = 


Tests indicate a trouble-free life of over Heads and bodies are completely and 
25 million cycles for valves with the spool instantly interchangeable. Sizes from 14” 
solenoid pilot section, and more than 40 to 114”. Even more Starline models com- 
million for all other Starline valves shown. ing later. Write for Starline data file. 


A Galaxy of New Air-Control Stars Are Coming Your Way From 
OSS OPERATING VALVE COMPANY 


133 EAST GOLDEN GATE AVENUE ° DETROIT 3, MICHIGAN 





When to specify 


VULCAN ELECTRIC 
IMMERSION 
HEATERS 


1. When application is for: Heat 
transfer to liquids — water, oil, wax, 
paraffin, asphalts, tars, solvent va- 
pors, Dowtherm, Prestone, etc.; in 
tanks, boilers, urns, kettles, etc. 


2. When specifications call for: 
Threaded bushing or flange type 
mounting; bayonet type, side or bot- 
tom outlet; copper, steel, stainless or 
alloy sheath; single or three phase; 
500 to 10,000 watts; 115, 230, 460, 
or 550 volts; pressures up to 3500 psi. 


3. When you have “hot” prob- 
lems: Vulcan Engineers are ready to 
supply special heating units — engi- 
neered to your needs. 


NEW TUBULAR TANK 
IMMERSION HEATERS 


Vulcan's new Tubular Tank Immersion 
Heaters are especially recommended 
for use in electroplating tanks, alkali 
heating tanks and similar applica- 
tions. Tubular elements are formed to 
shape as shown, and uprights are 
brazed into gasketed, liquid-tight 
terminal bos. 


Write for free catalog. 


ELECTRIC COMPANY 
DANVERS 2, MASS. 
Cartridge « Strip » Tubular « Immersion Electric 


Heaters . Soldering and Branding Irons 
Solder and Glue Pots 


Plus or Minus 


Design Engineering Conference 
While we can’t promise anything spec- 
tacular in the theatrical district this 
Spring nor choice seats for “My Fair 
Lady,” perhaps you might be able to 
work out a trip to New York on the 
strength of attending the Second De- 
sign Engineering Show and Conference. 
scheduled for May 20-23 at the New 
York Coliseum. Last year the first 
show in Philadelphia exceeded every- 
one’s expectations as to attendance at 
both the Show and the Conferences. 
This year each will be under the same 
previous but separate managements. 
Clapp & Poliak have signed up over 
400 exhibitors of materials and com- 
ponents for designed-in use, so there 
will be lots to see. And as in 1956 
the Machine Design Division of ASME 
is sponsoring the talk fest in 1957. 
Again a special papers committee was 
setup composed of the chief editors 
of the four design engineering maga- 
zines—Product Engineering, Machine 
Design, Materials and Methods, and 
ELECTRICAL MANUFACTURING, of course. 
Between us we believe we have worked 
out a program of subject matter that 
cuts right across the board of product 
design, and includes both mechanical 
and electrical phases and, obviously 
materials, both metals and nonmetals. 
The complete program is printed on 
page 165, along with detailed comment 
on the papers. ELECTRICAL MANUFAC- 
TURING will have a booth at the Show, 
with some of the editors in attendance. 
Readers are invited to drop in at the 
booth or call at our office near by. Call 
Circle 5-9035. 


Rich Inventor Bagged 


Finally met one. One of a fast dis- 
appearing racee—THE INDEPENDENT 
INVENTOR WHO LOOKS AS 
THOUGH HE’S GETTING ENOUGH 
TO EAT. Ph. D., former college pro- 
fessor, former Bell Labs researcher, 
this one spouts ideas by the yard when 
properly triggered. A consultant, ma- 
ture and very cautious, he agreed 
wholeheartedly with only one thing I 
said: “A large part of what the average 
engineer knows ain't so.” 


Grass-Roots Choice 


De gustibus is also unpredictable. 
Color experts and fastidious function- 
alists to the contrary, the grass-roots 
preference in finishes and colors for 
“cabinet” structures clings tenaciously 
to the simulated wood-grains, despite 
clearly non-wood form and _ texture. 
The new “Corsair 20” cigarette vendor. 
described in this issue, is a sleek non- 
architectonic shape, with obviously 
neither a dovetail nor a glue-joint in 
a carload. It was originally offered in 
an array of carefully selected solid 
colors, but an experiment with simu- 
lated wood-graining led to the present 
statistic: two-thirds of the total pres- 
ent production is a_ soft limed-oak 
finish. It is attractive 


Editor’s Dilema— 


There’s been both fission and fusion in 
the engineering disciplines. On one 
hand, we have been developing speciali- 
zations within specializations. On the 
other hand, we have asked our engineers 
to acquire a broad and diverse content 
of contemporary knowledge. In effect, 
we have asked the engineer to reflect a 
synthesis of several disciplines, variable 
only within the parameters of his own 
job activity. 

These divergent tendencies have had 
an obvious effect on professional engi- 
neering societies. The effect has been 
the establishment of many new societies. 
each devoted to a specialized area of 
engineering activity. The other effect 
has been the growth of the semi-autono- 
mous professional groups or divisions 
within the existing structures of the es- 
tablished professional societies. The pro- 
fessional groups organization within the 
IRE, for example, is an example. 

An engineer who wants to widen his 
professional society affiliations to keep 
pace with the increasing diversity of his 
interests may thus be confronted by 
divided loyalties. Should he join a new 
professional group within a society of 
which he is already a member or should 
he join a completely new organization? 
The conflict in fact goes beyond the in- 
dividual. Does the engineering profes- 
sion as a whole need more societies, or 
should the grewth be within the struc- 
ture of existing societies? 
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Truck-Lite created a 


Rear Views showing Bulb Holders in 
Flush Mounted and Face Mounted Lamps 


bright new idea in truck lighting 


—Sylvania custom molded it 


Truck-Lite’s new all plastic, sealed, “throwaway” lamp unit is a 
light-saving, maintenance-saving idea in truck clearance and 
marker lamps. 


Its rustproof, shatterproof plastic lens was designed by 
Truck-Lite and Sylvania for brilliant wide-angle illumination. 
Throwaway feature combined with simple plug-in receptacle is 
a boon to truck-light maintenance. 


Custom molding of intricate parts like the Truck-Lite lens and 
bulb holders is just one of the reasons leading manufacturers, large 
and small, come to Sylvania for consultation on parts designs. 


Sylvania’s Parts Division also offers complete facilities for 
custom metal stampings, special electronic components and special 
wires. For complete details of these services, write for the 
“Portfolio of 4-way Service to Designers.” 


The Truck-Lite lens is 
molded of heat-resistant 
methacrylate in red, 
green, amber and 
crystal. The angle of 
its refraction prisms A 
(a) are molded in 
graduations of 1° to 
produce controlled 
illumination over a 

full range of 180°. 


Mounting surface of 
the lens (b) is held to 
+.002” to insure 
proper seating of bulk 
holder and accurate 
positioning of the light 
with respect to the 
truck body 


PARTS DIVISION 


Sylvania Electric Products Inc., Parts Division, Warren, Pennsylvania 


¥ SYLVANI 


LIGHTING + RADIO + ELECTRONICS + TELEVISION + ATOMIC ENERGY 


METAL BLECTRONIC 
STAMPINGS COMPONENTS 


See us at Booth 110 at the DESIGN ENGINEERING SHOW. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





THE MARK OF QUALITY 


ultra- 
sensitive 
relays 


HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE... 


(No. 4 in a series by Barber-Colman Company) 


BARBER 
COLMAN 


The circuit drawing below indicates 
just one of the hundreds of ways 
many manufacturers are utilizing 
Barber-Colman Micropositioner 
ultra-sensitive relays to solve com- 
plex control problems. Could this 
be the answer to some of yours, too? 


BATTERY REVERSE CURRENT DETECTOR 


Among the many applications for 
the Barber-Colman Micropositioner 
in the railroad and industrial fields 
is that of reverse current protection 
between the generator and battery 
on diesel locomotives and industrial 
trucks. In the circuit illustrated, the 
Micropositioner, P;, is energized 
when the generator voltage exceeds 
the battery voltage by approximately 
one-half volt. A secondary relay, R, 
connects the generator to the battery 
and simultaneously energizes an 
auxiliary coil, Po, on the Micro- 
positioner which aids the main coil 
in holding the contact closed until 
a predetermined amount of reverse 
current is flowing from the battery. 
The point of drop-out is controlled 
by the variable resistor in series with 
the auxiliary coil. This system offers 
accurate control of the points at 
which the generator is connected 
and disconnected from the battery, 
thereby eliminating unnecessary dis- 
charging of the battery or hunting 
between generator and battery 
control. 

If your projects involve similar 
types of control, why not make a 
test with a Micropositioner engi- 
neered for circuits similar to that 
shown above? Write 

for technical bulletins 

F-7279 and 

F-3961-6. 


BARBER-COLMAN 
MICROPOSITIONER 
POLARIZED DC RELAYS 


Various types . plug-in, solder- 
lug, screw terminal, hermetically 
sealed. Operate on input powers of 
40 to 1,000 microwatts for use in 
photoelectric circuits, resistance 
bridge circuits, and electronic plate 
circuits. Send for data. 


BarRBER-COLMAN COMPANY 
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\ case in point is the controversy 
caused by a group of IRE members 
sponsoring a Professional Group on En- 
gineering Writing. The sponsors feel 
that the need for proper communication 
in their engineering field is becoming 
increasingly vital. Therefore it seems 
logical that a new professional group be 
formed within the structure of the IRE 
parent organization that will encompass 
“the promotion, study, development, and 
improvement of the techniques of prep- 
aration, organization, processing, edit- 
ing, and delivery of any form of infor- 
mation in the electronic-engineering 
and related fields by and to individuals 
and groups by means of direct or de- 
rived methods of communication.” 

So far, so good, And this particular 
engineering writer and editor, in his 
capacity as an IRE member, felt thor- 
oughly sympathetic. But another view- 
point arises on the scene. The Associa- 
tion of Technical Writers & Editors, a 
national society some 1700 strong. is 
actively organizing a national profes- 
sional society in this field. TWE Presi- 
dent Richard Frehsee, also an IRE 
member, crystallizes the opposing view- 
point. He seriously questions the wisdom 
of setting up a separate group within 
the IRE. It is his belief that TWE “as 
a responsible organization representing 
the profession, can furnish the counsel, 
guidance and direction required by 
radio and electronic writers as well as 
the writing needs in all other fields of 
technology.” He urges that “the talents 
and energies presently being expended 
toward forming a new and competitive 
group be turned toward building TWE 

. a much more effective organization 
would emerge which could best serve 
the interests of the entire profession of 
technical writing.” 

IRE-PGEW or TWE? What is the 
criterion for choice? Is there a distinc- 
tion between those who are primarily 
engineers with an interest in engineer- 
ing writing and those whose primary 
professional responsibility is engineer- 
ing or technical writing and editing? 

What is your opinion? 


Classic Form 


It was at a meeting of the American 
Society of Industrial Designers that 
the dean of them all, Walter Dorwin 
Teague, made the remark that you 
cannot improve on a_ perfect form. 
Specifically he was referring to a 
whiskey decanter designed by a big- 
name competitor that had set the pace 
for the Christmas trade a couple of 
years ago. In fact this one started a 
parade of decorative glass containers, 
so much so that the distiller, who had 
unwillingly become the patron of what 
Mr. Teague classic 
form, demanded another design equ- 


described as a 


ally as good the next year. In Mr. 
Teague’s estimation the second attempt 
was inferior, and rightly so. You can’t 
improve on a perfect form. 

Most industrial designers give their 
clients a choice of two or three ex- 
terior design conceptions. That’s not 
the way to handle the problem said 
Teague. Arrive at the one best solution 
among your own staff and 
that to the client as a fait accompli. 
There can be no second best. 

Would you as a design engineer be 
able to establish an unassailable right- 
ness to your engineering design and 
hold it despite pressures from sales or 
manufacturing departments? 


present 


F. J. O. 


Letters to the Editor 


“Product Design and the Humanities” 
From: Sally G. Swing, Executive Sec- 
retary 
American 
signers 


New York, N. Ze 


Industrial De- 


Society of 


I was interested in your editorial 
in February 1957 EvecrricaL MANUv- 
FACTURING . . . . The “humanities” 
approach to product design is exactly 
that used by industrial designers... . 
Perhaps enginers trained in the hu- 
manities would obviate the necessity 
for industrial designers entirely, but 
until this day, industrial designers and 
engineers are working in many of 
America’s biggest plants, side by side, 
to obtain a functional, well designed, 
and pleasing product for the American 
public. 


Editors’ Comment: Is it Miss Swing’s 
inference that the industrial designers 
have been more aware of the need for 
humanities than the engineers? Granted 
that the formal education of the indus- 
trial designers would normally have a 
higher content of the humanities, it is 
not necessarily the education in, but 
the spirit of, the humanities that 
counts in the competitive market place. 


From: J. 
Registered Professional Engineer 
Chicago, Ill. 


Gaysowski 


I agree that the engineer should 
consider the “humanities” in his de- 
signs. However, those who complain 
about the social and humanistic inade- 
quacies of our product designers are 
like Nero. They complain about the 
quality of the fiddle while the culture 
of Rome burns. The great failure of 
today is the technical and scientific 
ignorance of the general public. 

It is a common fallacy to blame 
the product engineer for poor design 
and shoddy quality. Yet, the engineer 
is both willing and able to design 
better products! The public demands 
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There’s a Good Reason why 


ZING Die Gstines 


are so widely used 


at 


TURNER & SEYMOUR 


ECONOMY 


Two-piece construction instead of six for the frame, gear housing, 
shield and drive gear on this modern egg beater is an excellent pattern 
for major production economy and improved design possible with 
ZINC DIE CASTING. Built to a toolmaker’s precision, this durable 
and smooth-running household necessity is made by The Turner 
& Seymour Manufacturing Company. 


LOWER PRODUCTION COST—An assembly of 
stampings, used for older types of beaters, require six or eight parts 
instead of the two ready-to-use ZINC DIE CASTINGS. 


SIMPLIFIED ASSEMBLY—The gear housing and cored 
holes for crank, beater shafts and gears are cast in the frame. Parts 
fit together accurately for simple assembly without machining. 


IMPROVED APPEARANCE —The flowing, mod- 
ern design and smooth finish of the castings provide a perfect base for 
a bright chromium plating accented by black plastic handle faces. 


Any die caster will show you how these money-saving and quality- 
improving benefits can be applied to your products. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





electro-magnetic 


DISC 
BRAKES 


(THE CHOICE OF 
LEADING MOTOR 
MANUFACTURERS) 


AS A BRAKE 
CAN BE! 


When you’re looking for a brake 


to stop motors quickly . . . cut waste time. . . step up 
production cycles per hour per machine, consider these six 
outstanding features of Stearns electro-magnetic Disc Brakes. 


S 
. 


SMOOTH-OPERATING MECHANISM — Linkage 
from the solenoid operates smoothly on bearings to re- 


duce wear on sliding surfaces. This means long life — 
trouble-free service. 


RUGGED CAST CONSTRUCTION — To give you 
strength and rigid stability that long, hard industrial 
service demands, Stearns Brakes feature cast construc- 
tion of enclosures and many components. Pleasing and 
functional contours blend naturally with smooth lines 
of the electric motors to which they are coupled. 


MAXIMUM SAFETY FACTORS — The highest me- 


chanical and electrical safety factors — a result of 
advanced design and engineering, proved by exhaustive 
testing and field operation assure consistent satisfactory 
performance even under most adverse conditions. 


A MAINTENANCE MAN’S ‘“‘DREAM’’ UNIT—The 
only brakes with visual wear indicators and simple in- 
stallation. A screw driver is your complete Tool Kit for 
Stearns Brakes. Convenient electrical connections. Long- 
life friction lining, which seldom requires replacement, 
can be quickly and easily changed, when needed. 


FAST STOPS — QUICK RELEASE — Positive spring 


action on pressure plates for fast, smooth stops—setting 
brakes automatically in case of power failure. Instan- 


taneous magnetic pull provides quick release — elimi- 
nates drag. 


A SIZE AND TYPE FOR YOUR APPLICATION — 
Over 150 standard sizes and types available to fit re- 
rated NEMA motor frames in sizes ranging from 1/20 
to 100 hp. AC or DC. Maximum torque ratings from 
0.6 to 7,500 lb ft. Vertical, horizontal, motor or floor 
mountings. Stub or thru-shaft design. Housings for 
explosion-proof, dust and waterproof, or standard 


operation. 


For complete magnetic brake data, call your local 


Stearns representative or send direct for Brake Port- 
folio E. 


BRAKES 


ELECTRIC CORPORATION 


O NORTH BROADWAY + MILWAUKEE 2, WISCONSIN 
@ CLUTCHES 


(with money) and management often 
selects (because of profits) the cheap- 
est and frequently the poorest designs 
that the engineers propose. If the con- 
sumer had a better sense of humanistic 
values and the ability to recognize poor 
technical design. he would demand 
and obtain better products. Poor de- 
signs, then, would not sell so well... . 

The current trend (in automobiles, 
for example) is to put fins, jet stabi- 
lizers. and rocket ornamentation on 
the visible exteriors. Yet. today’s auto- 
mobiles do not have jet engines! They 
have no need what-so-ever for fancy 
fins! The fact that all works of true 
art and all classical designs were (and 
still are) functional is disregarded. . . . 

It is easier to complain about the 
tone of the fiddle than to put out the 
fire. It is easier to blame designers 
for poor design than to educate the 
public. We engineers do not dictate 
to the public or to management. They 
are free to select what engineers pro- 
pose. If they insist on taking our 
cheapest and gaudiest creations, are 
we to blame? 


Editors’ Comment: Reader Gaysowski’s 
opinions (and they are strictly his own, 
he writes us, and do not necessarily 
represent the views of any company 
with which he is affiliated) bring up 
a neat point: Just how much moral 
responsibility falls on the engineer in 
carrying out shoddy designs imposed 
by short-sighted or over profit-conscious 
management? Should his reaction be 
cynical and negative, or should he feel 
an ethical obligation to the consumer 
and refuse to support such designs? 
What do our readers think? 


Human Engineering in ‘Civilian’ 
Products 

From: Thomas B. Simon, Advisory En- 
gineer 

Refrigerator-Freezer Engineering Dept. 
Westinghouse Electric Corporation 
Columbus, Ohio 


I wish to express my appreciation 

for the two papers sent to me recently 
concerning human engineering. The 
material is most informative and 
thought provoking, and you are cer- 
tainly to be commended for your very 
lucid “pointing of the way” with re- 
gard to the application of these 
principles to civilian products. 
I would appreciate any additional 
human engineering information that 
may become available. These principles 
must become increasingly important 
factors in the makeup of appliance 
design groups. 


Editor’s Comment: Thanks to Reader 
Simon for his commendation! More 
articles on human engineering are on 
the way. 0oO0O°O 
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PROUT INMATE 
TEN at 


WITH... 


PERMAWICK 


THE REVOLUTIONARY “SELF-WICKING” LUBRICANT 


Whether you make motors, blowers, pumps See PERMAWICK injected by actual pro- 
or similar products, you can save 5 cents on 


every sleeve bearing lubricated with PER- ; : | 
MAWICK ... with little or no change in Design Engineering Show, May 20-23. 
present bearing design. These extraordi- 

nary savings are possible because PERMA- 

WICK replaces all felts and felt parts in *A PATENTED PRODUCT BY ... 

sleeve bearings . . . completely eliminates 


all costly hand insertions of these com- e 
ponents . . . yet costs less than the material ¥ 
it replaces. Write for brochure. 


COMPANY 


duction machinery at our booth 536... 


5319 EAST OUTER DRIVE 
DETROIT 34, MICHIGAN 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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General Electric’s molded PVZ* tubular 
capacitors operate from —55C to +125C 
... yet are moderately priced 


The new General Electric molded PVZ paper other high-grade military and commercial 
tubular capacitors meet the electronic de- electronic equipment. 


signer’s need for & high-quality line that offers, Microfarad ratings extend down to .00047 
at a moderate price, characteristics similar to : 


pop ths uf—100 to 400 volts; up to .15 uf—100 volts, 
K”’ of MIL-C-25A. 1 uf—200 volts, .068 uf—300 volts, and .022 
e Price of the units is less than one-half that of a uf—400 volts. Capacitance ratings are availa- 
comparable metal-clad tubular. ble with + 20%, +10%, +5% tolerances. 
In many instances, the units are physically 
smaller than equivalent metal-clad tubulars, 
especially if the metal-clads are insulated. PVZ 





@ They are designed for a minimum of one year's 
life, operating at 125 C, rated voltage. 












e Insulated bodies are easy to locate in the capacitors range in size from .175” diameter 
chassis, and provide protection from other parts x 5%" long to .375” diameter x 1,);” long. Nine 
or ground. different sizes are offered to accommodate the 


e@ They are small, both physically and electrically, VeEauas SERENGE. 


in order to aid equipment miniaturization. READY NOW: Stocks of most sizes and ratings 


e@ They are solid—resistant to shock and vibration. of General Electric’s new PVZ capacitors are 
on hand, ready for shipment. If you would 
In general, you will find these molded PVZ like to receive technical data on the new line 
paper tubular capacitors suitable for use where get in touch with your local G-E Apparatus 
you might normally expect to find either 85 C Sales Office or write to the General Electric 
or 125C metal-clad tubular capacitors; in Company, Section 442-43, Schenectady 5, N. Y. 

computers, missiles, telephone equipment, and *A General Electric Trade-mark. 







VOLTAGE RATING VS. LIFE AT ELEVATED 
TEMPERATURE FOR 95% RELIABILITY 
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EXCELLENT HUMIDITY CHARACTERISTICS 






OPERATES FOR 1 YEAR AT 125 C Molded HIGH LEAD BEND RESISTANCE The new capaci- 







PVZ capacitors are designed for a mini- Molded PVZ capacitors withstand stringent tors withstand one-pound-vertical-pull test 
mum of one year’s life at rated voltage humidity tests, thanks to a combination of moving the body of the unit 90°, then 180° in 
and 125 C operation. Curves shown above high-grade case material and carefully- the opposite direction, then back 90°, to the 
are typical of performance. controlled molding techniques. original vertical position. 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 


Here’s Why We Use 


SQUARE D Starters 


on the Machines We BUILD 


PERFORMANCE When you get right 
down to it, the performance record of 
any machine tool depends a lot on how 
the control behaves. We know, from a 
lot of past experience, that Square D 
starters are designed to deliver the 
kind of trouble-free performance that 
keeps our customers happy. 


FLEXIBILITY Another thing we like 
is the flexibility we get with Square D's 
starter design with packaged parts kits. 
It’s a cinch to make last-minute changes 
in interlocks, coils and overload relays. 
That’s important because it means we 
don’t have to keep a big stock of start- 
ers with a lot of modifications 
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FIELD ENGINEERING SERVICE 


When we're designing machines that call for more 
complicated electrical control, it's mighty nice to have 
a Square D Field Engineer handy to work with us. As 
a matter of fact, he’ll carry the ball just as far as we 
say—even to developing the control circuit for a 
multi-station machine. 


now...EC&M propucts ARE A PART OF THE SQUARE D LINE! 


= 


QUARE 7) COMPANY 
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on the Machinery We BUY 


PERFORMANCE, EASY INSPECTION AND MAINTENANCE 


Sure, we like Square D 
performance because it keeps our 
“down time” at a minimum. BUT— 
everybody knows that even the 
best starter needs periodic inspec- 
tion and preventive maintenance. 
We like the way Square D makes it 
easy to handle those routine jobs. 


1 Loosen two screws and the 2 Remove four screws and 
arc chamber cover comes off. entire movable assembly can 
Every contact surface can be ibe lifted off. Disconnect two 
inspected at a glance. wires and slip off magnet coil. 


OFF-THE-SHELF PARTS KITS 


They make aormal maintenance and 3 Contacts are attached with 4 Sizes 0 through 4 starters 
modifications easier than ever. Pack- separate screws—they can have these separate mounting 
aged parts includeinterlocks,contacts, | be removed and replaced __ electrical interlocks for easier 
coils, overload relays, pushbuttons and ; without disturbing any wiring. installation. Contact block is 
selector switches. They’ re easy to buy, A screwdriver is the only tool attached from front of panel 


easy to identify, and faster to install. oan. with two screws. 
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Roving reporter, half mile under the sea 


Exploring at the bottom of a 2000-foot coaxial cable, 


“Project Fisheye’’ now roams the ocean depths collect- 
ing information for our Navy about sunken vessels, 
currents, and mysterious undersea life. Its findings 
are televised to observers on the surface. 


Such information from underseas may well prove as 
valuable to man as the facts radioed from our man- 
made satellites in outer space. 


Like the electronic age itself, this submarine marvel 
just couldn’t work without the best of electrical insu- 
lations—the kind CDF is famous for . insulations 
designed and made for outstanding performance under 
critical conditions. 
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FOR SPECIFIC INFORMATION on CDF products, see 
Sweet’s, Electronics Buyers’ Guide, and other direc- 
tories. Then send us your print or your problem, and 
we'll return free samples and technical literature. 
CDF MAKES Dilecto Laminated Plastics «+ 
and Polyester-Glass Molded Plastics « Micabond Mica 
Products * Diamond Vulcanized Fibre « Vulecoid + 
Flexible Tapes of Teflon*, Silicone, and Micabond 
¢ Resin-Impregnated Spiral Tubing « Complete Fabri- 
cation Facilities. 


Celoron 


*duPont trademark for its tetrafluoroethylene resin 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE BUDD COMPANY + NEWARK 13, DELAWARE 
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surface barrier transistors from SPRAGUE 


high speed transistors for computer switching circuits 


’ eee = = mee 1 en we 
i womact samme | ane sorect saneae | spies 
H TRANSISTORS . — TRANSISTORS | one 


CAPACITORS © RESISTORS * MAGNETIC COMPONENTS 
TRANSISTORS * INTERFERENCE FILTERS * PULSE NETWORKS 
HIGH TEMPERATURE ¢ MAGNET WIRE ¢ PRINTED CIRCUITS 
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Sprague 2N240 Transistors with their fast response 
time—in the millimicrosecond range—give reliable 
operation in switching circuits up to 20 megacycles. 
The ideal electrical characteristics of these surface 
barrier transistors permit direct coupling for faster 
operation than any alloy junction type. 
And the 2N240 gives you: 

© low saturation resistance 

O low saturation voltage 

© extremely fast rise and fall time 

© absolute hermetic seal 

O availability 

Among these features, the most important to you 
may well be availability. Sprague is manufacturing 
2N240 Transistors NOW in production volumes. You 
can answer today’s transistor needs today by specify- 
ing Sprague Surface Barrier Transistors! 

Write for complete data sheets on Sprague 2N240 
Germanium Surface Barrier Transistors and on 
Sprague General Purpose High-Frequency Surface 
Barrier Types 2N344/SB101, 2N345/SB102, 2N346 
SB103. All are available on letterhead request to the 
Technical Literature Section, Sprague Electric Co.., 

)7 Marshall Street, North Adams, Massachusetts. 


Se 


the trademark of reliability 
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DESIGNATION 
CIRCUIT ARRANGEMENTS 


AMPS-LIFE @ 125/250 V. AC 
AMPS-LIFE @ 30 V. DC IND. 
TEMPERATURE RANGE 
WEIGHT 

SIZE (INCHES) 

COMMENTS 


DESIGNATION 
CIRCUIT ARRANGEMENTS 


AMPS-LIFE @ 125/250 V. AC 
AMPS-LIFE @ 30 V. DC IND. 
TEMPERATURE RANGE 
WEIGHT 

SIZE (INCHES) 

COMMENTS 


* OTHER MODELS AVAILABLE IN TEMP. RANGES FROM —100° TO 


OSS 


MINIATURES 


—4 


SPST 
NO 


2.5A—150,000 CYLS. 
2.5A—50,000 CYLS. 
—65° TO +250° F.* 
005 Ibs. 
27/32 X 23/64 X 0.260 


SPDT 


Vibration/shock resistant, precise 
operation. 


MINIATURES 


EF 


SPST 
NO 


2.5A—150,000 

2.5A—50,000 
—65° TO +180° F 

1 OZ. APPROX. 


a a 
ELECTRO- SNAP ENGINEERING CAN HELP You 


Kee SRE 


BASICS 


SPST SPST 
NC NO 


10A—750,000 


SPDT SPDT 


2 Ckt. 


10A—200,000 
—100° TO +375° F.* 
10 GRAMS 
1-1/4 X 1/2 X 1/2 
Teo 10,000,000 Ops. @ 1 Amp, 125 
Vv. AC. 


BASICS 


SPST 
NO 


40A— 100,000 
30A—100,000 
—65° TO +300° F.* 
20 GRAMS 


19/32 X 15/16 X 11/32 


Sealed against dust, 


dirt, moisture, 
and corrosion. 


Often, a standard or modified-standard 
switch will do your job. But Electro- 
Snap engineers are ready to create truly 
unique switches in any quantity to your 
Send us your problem 


specifications. 


Unusual 


+ 400° 


1-3/4 X 43/64 X 35/64 


- . . OUr a@Nswers can save you time 


and money. 


a ae 


space/capacity achievement; 
long life; can be ganged 


es 


MULTI-POLE 


DPDT DPDT 
NC NO 


15A—500,000 
10A—500,000 
—100° TO +375° F.* 
15 GRAMS 
7/8 X 1-1/4 X 1/2 


DPDT 
4 Ckt. 


Simultaneous operation; 


poles may 
have different voltages. 


MULTI-POLE 


K3 


TPST 
NC 


15A4—500,000 
10A—500,000 
~—100° TO +275° F.* 
30 GRAMS APPROX. 
1-15/16 X 1-1/4 X 491 


Reverses 3 
taneous 


Ih. motors to 1 HP. Simul- 
e & break. Excellent life. 
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HERMETICALLY-SEALED DIE-CAST 


TYPICAL ACTUATORS 


TOGGLE 


SPDT SPDT 
NO 2 Che. 


10A—200,000 10A—MIN 100,000 


10A—200,000 


—100° TO + 250° F.* —67° TO +160° F. 


4-1/2 oz. ZF 
1-3/4 X 2 X 1-1/32 PUSH BUTTON 


impulse one way, opens circuit dur- 
Gear ing over-travel and return. 


8 oz. 
1-1/4 X 3-3/4 X 1-7/32 
Hermetically sealed case; adjustable 


actuator arm. New “Landing 
Switch”. 


HERMETICALLY-SEALED DIE-CAST 


| re 


H10-7 


OPDT 
4 Che. DPDT 4 Ckt. 


10—50,000 


ES4-D 


15A—500,000 
10A—500,000 
—67° TO + 0° F. 


15—50,000 
—100° TO + 250° F 
6 oz. APPROX. 
1-7/64 X 2-1/8 X 1-7/16 


7 oz. 
2-1/2 X 2 X 1-3/4 


Environment free; good for machine 
tool applications; wet areas. 


Rotary actuator with seal bonded to 
shaft AND case; 120° travel. 


GG ELECTRO-SNAP switcH & MFG. co. 
4238 W. Lake St., Chicago 24, Illinois 
MAIL COUPON 


Please send complete information on the 


Electro-Snap Switches checked below: Name 
FOR CATALOG , 
() Miniature ( Hermetically- 
DETAILS 


Cc . 
Switches eee 


Sealed Limit 
() Basic Switches Switches 
() Multi-Pole C) Die-Cast Limit 


Switches Switches City i 


Street 


Zone a 
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SERVO MOTORS: — HYSTERESIS SYNCHRONOUS: — UNCASED MOTORS: — 


eeeeeeee 
oe 


For wide ranges of voltage and impedance - 
high peak voltages without damage to motor 
— inherent damping or variable magnetic 
damping 


Compact —reliable operation at —55°C. Up 
to 31 watts output and 50% efficiency in 
13%” diameter. Smaller frame sizes available. 


Both hysteresis and servo types can operate 
without housing. Saves weight and space in 
special built-in applications. 


ccc ce mcoces 


eee eeeeeeee 


GEARHEAD MOTORS: — MOTOR TACHOMETERS: — PACKAGED ROTATING COMPONENTS: — 


Rugged, reliable. Single housing. Integral 
slip clutch—low backlash. Wide range of 
standard ratios readily available. 


High precision and damping tachometers. 
Linearity up to 0.05%, nulls to +I MV, 
scaling error + 0.05% from —55° to + 75°C. 


Tailored combinations of motors, gearheads, 
potentiometers, synchros, etc. 


. 
. 
. 
. 
. 
. 
. 
. 
. 
° 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
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W e Lh & 
Special” motors are our business 


Every motor we make is “special”...designed to What the photographs do not show are the hid- 


meet your most exacting requirements and pro- 
duced with the precision workmanship needed to 
satisfy the most stringent specifications. 

The few representative motors shown above will 
give you some idea of our wide experience in the 
field of precision motors. Our intensive investiga- 
tions in the areas of miniaturization and the effects of 


high temperatures are reflected in all our products. 


den quality materials standard with SMI... nickel 
steel laminations, ABEC Class 5 stainless steel 
bearings, teflon lead wire, heavy silicone and teflon 
magnet wire, stainless steel shafts, and many others. 

So, you can see it’s to your advantage to con- 
sider Servomechanisms, Inc., as your source for 
high performance precision motors. Write for our 
Motor Catalog which gives full details. 


MECHATROL DIVISION 


625 Main Street - Westbury, L.1.,N.Y.- EDgewood 4-6500 


Western Regional Office 
1000 W. El Segundo Bivd. - Hawthorne, Calif. - OSborne 6-1176 
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DRIVER-HARRIS ALLOYS AT 


WORK IN PRODUCT ADVANCEMENT 


aie ed le 

full-scale 

model of the Earth 

Satellite made by the 

RM Thre ttle) 

Re) Tee ed 

SLM att: mtg 

the sponsorship of The National 
ee ea ee el ee 
United States participation in the Inter- 
national Geophysical Year (1 July, 1957— 


KBr Tot) me lS a a) lat hat at) 
CT Tee Clit Mel te lt Tes 


How measure the impact of micro-meteorites 


on the first “Earth Satellite’’? 


When physicists at the U.S. Naval 
Research Laboratory consider an in- 
strument or a material to record accu- 
rately the secrets of outer space—it’s 
not size alone that counts, but depend- 
able, reliable precision. 


The strip of ““Nichrome”* evaporated 
on glass (“A” in the photo above) which 
may be fitted to the outer skin of the 
Satellite, measures only 4” wide x 12” 
long. Its thickness: 100 Angstrom units 
(1/10,000 mm). Its function: to measure 


4 
~. 
2 


> 
: 


BRANCHES: Chicago, Detroit, Cleveland, Louisville, Los Angeles, San Francisco 


the surface erosion caused by the impact 
of micro-meteorites. The resistance of the 
Nichrome ribbon increases as the film 
becomes pitted by meteor particles. 

“Nichrome is being considered for 
making this gage,” states the Naval Re- 
search Laboratory, “because it supplies 
electrical resistance in a desirable range: 
adheres satisfactorily to glass in thin 
film form; and has a very low thermal 
coefficient of resistance.” 


There'll be no one on hand, 300 miles 


COMPANY 


Canada: The B 


out in space, to check on or supervise the 
performance of the Nichrome strip 
Nichrome needs no one. It will do its 
job dependably there—just as it will in 
your electronic or electrical equipment, 
after it is in your customers’ hands. 


And remember, Nichrome is only one 
of the 132 special purpose alloys devel- 
oped by Driver-Harris since 1899 for 
electrical heating, resistance, and elec 
tronic applications. Do you need a spe 
cial alloy? Send us your specifications 


*T.M. Reg. U.S. Pat. Off 


Dyriwver-Harris HARRISON, NEW JERSEY 


COMPANY, Ltd., Hamilton 


MAKERS OF THE MOST COMPLETE LINE OF ELECTRIC HEATING, RESISTANCE, AND ELECTRONIC ALLOYS IN THE WORLD 
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DAGLAS OFFERS A FLEXIBLE 


GLASS INSULATION WITH 


PROVEN THERMAL STABILITY ! 


DAGLAS WIRE 


" _ - 5 
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GLASS WIRE 
| 


Le 
aA He ss Veale 


AL Yar ADS 


Twist test samples showing adhesion and flexibility of double Daglas wire 
as compared to conventional double glass wire (one twist per inch). 


FIRST FOR LASTING QUALITY—FROM MINE TO MARKET! 


* Daglas—trademark registered and product patented. 
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Flexible glass insulation— excellent bending and 
torming qualities. 


Improved adhesion prevents fraying or unraveling. 
Proven Class “B” insulation. 


Daglas with silicone overbond meets Class “H” 
requirements— makes Class ““H”’ windings practical. 


DAGLAS WIRE 


Oe aS 


Samples showing ends of conductors after elongation to breaking point. 
Note excellent adhesion and flexibility of Daglas. 


GLASS WIRE 


i 
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FORT WAYNE, INDIANA 
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DAGLAS OFFERS A FLEXIBLE 


ws. GLASS INSULATION WITH 


PROVEN THERMAL STABILITY ! 


DAGLAS WIRE 


GLASS bidup hs 
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Twist test samples showing adhesion and flexibility of double Daglas wire 
as compared to conventional double glass wire (one twist per inch). 


FIRST FOR LASTING QUALITY—FROM MINE TO MARKET! 


* Daglas—trademark registered and product patented. 
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Flexible glass insulation— excellent bending and 
torming qualities. 


Improved adhesion prevents fraying or unraveling. 
Proven Class “B” insulation. 


Daglas with silicone overbond meets Class “‘H”’ 
requirements— makes Class “H”’ windings practical. 


DAGLAS WIRE 


ne 


Samples showing ends of conductors after elongation to breaking point. 
Note excellent adhesion and flexibility of Daglas. 
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FORT WAYNE, INDIANA 
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Extremely Accurate Spiral Bevel Gearing 
..1T’S A JOB FOR 


Grom ENGINEERING 


Ja 
Lp or. 


Here at G.S., the mass manufacture of 
Spiral Bevel Gearing has been devel- 
oped to an exact science. We produce 
them by hundreds or thousands to a de- 
gree of UNIFORM accuracy you never 
thought possible! BIG savings accrue 
for our customers. Rejects and down- 
time disappear. Products run smoother, 
quieter, longer. See for yourself. Send 
drawings or descriptions today ! 


~*~ 
aw 


~ 


NS 
2 . 


iad 


SEND FOR FREE 6-page Small Gearing Guide. It de- 


scribes 80 types and applications. Contains 
BAR useful charts . . a valuable aid to anyone interested in Small 
Gearing. Use company letterhead, please. No obligation, of 


eich Ta course. Write today! 
Uj 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 


ae nee Seen ne me G/ Yous of Hp cclalep ing in anal Gearing 
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PEANUTS 


The difference in cost between "average" cord sets 
and superlative CORNISH Cord Sets is negligible — 
just peanuts. The difference in value to your equip- 
ment and appliances is very real and considerable. 


If you want your products to work better, LONGER — 
play it smart... 


fornisn 


‘Oi. od 


All Cord Sets available in 


COLOR 


to match 
your appliances, . 
both in Rubber sa 
and in Plastic 


Send us your specifications; 
consult us without obligation. 


CORD SETS 


“Made by Engineers for Engineers” 


CORNISH WIRE COMPANY, INC. 


50 Church Street Branches in 15 Leading Cities New York 7, N. Y. 
aot ih himihliiisickome CORDS AND CORD SETS FOR HOME, FARM AND INDUSTRY 
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This cutaway of the AM Plivar splice 
shows how conductor material ex- 
trudes outwardly into serrations for 
added strength and electrical con- 
tact. The splice is as corrosion 
resistant as the wire itself. 


IDEAL FOR ASSEMBLY LINE PRODUC- 
TION. .. the AMP Horizontal Auto- 
machine uses AM Plivar splice con- 
nectors in strip form, for automatic 
splicing as fast as the operator can 
insert the wires. 


for identical, mass produced splices of 


General Office: 5213 Eisenhower Boulevard, Harrisburg, Pa. 


195 
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nlus new horizontal machine 


enamel, poly-vinyl acetal and similarly coated wire 


AMPlivar splices, with multiple 
ring stripping action, eliminate 
scraping, dissolving in solvents, 
burning, or other methods for re- 
moving insulation. Included among 
its many other features are: 

NO HEAT DAMAGE TO WIRE OR IN- 
SULATION—as often occurs in al- 


ternate methods of splicing. 
AMPlivar splices 


SMALL SIZE—scarcely larger than 
can be used on 


the wires themselves, but design- 
solid or stranded engineered to lock wire and con- 
conductors, or nector into a high tensile strength 
combinations thereof splice. 


CORROSION RESISTANT—the joint 
is hermetically sealed during 
splicing 


LOWER INSTALLED COSTS—elimin- 
ates soldering materials and equip- 
ment...requires less wire... 
reduces time required to make the 
splice. 


Further information is available on request. 


» 


nn 
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TIONAL BRUSHES 


TRADE - MARK 


are preferred for TURBINE-GENERATOR 
COLLECTOR RING SERVICE 


The increased capacity of today’s modern 
turbine-generator is directly related to 
increased excitation of the rotor. Here, 
where high-speed steel collector rings 
operate at peripheral speeds up to 15,000 
fpm, “National” brushes Grade 634 pro- 
vide low inertia as well as low wear rate 


on both brushes and rings. No wonder 
these service-proven brushes are uni- 
versally preferred by turbine-generator 
manufacturers everywhere. If you are 
faced with a brush performance or com- 
mutation problem, feel free to call on 
NATIONAL CARBON for specialized advice. 


The terms ‘National’, ‘‘Union Carbide’’ and the Silver Colored Cable Strand 
are registered trade-marks of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY «© A Division of Union Carbide and Carbon Corporation + 30 East 42nd Street, New York 17, N.Y. 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN CANADA: Union Carbide Canada Limited, Toronto 
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HIGH SPEED ELECTRONIC 
GATING COUNTERS 


for use as: 


Frequency Ratio Meters 

Digital Phase Meters 

Nuclear Counters 

Digital Flow Computers 

“Slave’’ EPUT* or Time Interval Meters 
High Speed Digital Counters 


ALL-NEW Berkeley Models 7050 (100 kc) and 7060 (1 mc) counters 
offer both manual and electronic gating for extreme versatility. Gate 
control signals may be of any frequency from d.c. to maximum counting 
rate of the instrument, with no restrictions as to input waveform. 

Measuremen’ are presented digitally on new larger, brighter DCU 
panels. Both models will operate directly into Berkeley remote in-line, 
in-plane readout units, digital printers, or data converters to operate 
strip chart recorders, electric typewriters, card or tape punches. 


CONDENSED SPECIFICATIONS, PRICES eos 
If you have high speed counting and measurement applications or 
problems, it will pay you well to investigate Berkeley intruments now. 
Max. Counting Rate: 100 ke ime As originators f high speed — ee marion ponent 
Readout Capacity: 5 digit 6 digit pte we can of er you the most thoroughly-prove instruments in the 
Sete ield, plus practical engineering aid in the development of complete 
Sensitivity: 0.1 volt rms measurement, data reduction or control systems. Why not drop us 
Input Impedance: 10 megohm, d.c. or a.c. coupled a line? Please address Dept. R S 
Input Circuits: Step attenuators with +1, +10 or +100 
volt adjustable trigger level ranges 
Power Requirements: 117 volt a.c. (+10%), 200 watts 


Dimensions: (Cabinet) 10%” H x 20%” W x 1642”D 


(Rack) 834”H x 19"Wx 16"D Berkeley Division 
Price (f.0.b. factory) $545.00 $645.00 


121 


Richmond 3, California 


*Trademark a sion of Beckman Instruments, Inc 
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New Westinghouse Line) with silicone insulation 


10 TIMES LONGER INSULATION 
THAN ANY OTHER STANDARD 


Production Increases with Life-Line® ‘‘H’’ because you get top perform- 
ance — reduced maintenance and down time. Here’s how: 


High-Temperature Silicone Insulation combined with the full comple- 
ment of iron and copper for low-temperature standards — 60°C rise. Life-Line 
*‘H”’ insulation will last 10 times longer than ordinary Class B under all 
temperature conditions. 


Controlled Ventilation — a new concept in motor cooling and cleaning — 
gives more capacity, longer life, and protection against damaging brush dust. 
Fastest Response of any industrial d-c motor on the market — armature 
inertia reduced up to 55% — commutating ability increased 35%. You get 
closer regulation, faster accelerations, quicker reversals. 

Greatest Protection of any industrial d-c motor through new housing 
design. In most cases, eliminates need for a splash-proof motor. 


It’s All New — with longer life, greater dependability, top performance. For 
all the facts about the Life-Line “‘H”’ call your Westinghouse sales engineer. 
Or, write Westinghouse Electric Corporation, 3 Gateway Center, P. O. Box 


868, Pittsburgh 30, Pennsylvania. 


New Silicone-Insulated Life-Line 
“H’’ is built and rated to meet low- 
temperature Class B standards. In 
sulation is eliminated as a limiting 
factor on motor life under normal 
conditions. Even with emergency over- 
loads, Life-Line “‘H”’ will go right on 
working in many cases when ordinary 
Class B would fail 


New Controlled Ventilation moves 
more air, positively distributes it to 
best advantage, cleans machine parts 
instead of contaminating them. Result 
— armature inertia can be reduced 
for faster response. Life-Line “H” 
lasts longer, increases production 


because maintenance and down time 


are reduced. 


J-21990 


New Standard of Protection — All 
commutator access openings have 
sealing covers — ventilation openings 
face down. Dripping or running 
liquids are excluded. Maintenance 
and down time are reduced. Need for 
splash-proof machines eliminated in 
most cases. 


you CAN BE SURE...iF ts Westinghouse 





LIFE...MORE EXTRA-CAPACITY 
INDUSTRIAL MOTOR 
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SIZE OF PROCTOR ELECTRIC'S 
RANGE-SWITCH IS REDUCED 


In its line of fast heating range controls, Proctor specifies the 
beryllium copper alloy designated Berylco +10, supplied by 
The Beryllium Corporation, Reading, Penna. Proctor has dis- 


covered in this alloy a particularly ideal combination of 


physical properties—high fatigue strength, good resilience 
for spring uses, and excellent electrical conductivity for parts 
carrying current. 


PROPERTIES OF “BERYLCO” 10 STRIP 


(% hard temper, heat treated) 


Tensile Strength 
J Elongation in 2 in. 


110,000 psi (minimum) 


5 (minimum) 


Rockwell Hardness 
95 (minimum) 


30T Scale 79 (minimum) 


Electrical Conductivity 
48 (minimum) 
Elastic Modulus in Tension (20°C) 


Before heat treatment 
After heat treatment 


Elastic Modulus in Torsion (20°C) 
Before heat treatment 
After heat treatment 


16,000,000 psi 
18,000,000 psi 


6,000,000 psi 
6,800,000 psi 


The high tensile strength of beryllium copper eliminates the 
need for bulky and complicated forms in these parts, thereby 
permitting a 25°; reduction in the unit’s size over former 
models. While the beryllium copper parts constitute only 
20% of the weight of the materials employed in the com- 
pleted range-switch, they are rated 85%, in importance by 
the manufacturer. 


In addition to special test requirements of range manufac- 
turers, each switch passes 300 quality control tests at Proctor. 
In a “mechanical abuse” test, for example, the control shaft 
is rotated 20,000 times, after which the unit must still operate 
and maintain its calibration within +2%. 


A technical bulletin (#37), with more specific details on the 
design and use of beryllium copper for Proctor electric 
range-switches, is available without charge upon request to 
The Beryllium Corporation, Reading, Penna. 
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Beryllium Copper 
Sleeve Spring 
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The sleeve spring in a Cannon multi-contact electrical con- 
nector forces the pin of the plug tightly against the socket 
wall to assure maximum consistent current flow. The fatigue 
strength of the metal used in the spring governs the efficiency 
and life expectancy of the entire connector. The spring metal 
must be corrosion resistant, since corrosion would weaken 
the metal, shortening the life of the spring, and cause wear 
on the pin of the plug. 


qa ~=( ewes 


In laboratory tests, engaging and separation forces were 
measured on both beryllium copper and phosphor bronze 
socket springs when subjected to bending torque from a 
special test prod. The separation force values after distortion 
were much lower for the phosphor bronze springs than for 
the beryllium copper springs. In fact, the phosphor bronze 
springs failed a number of times, but the beryllium copper 
springs, made of Berylco #25 alloy, provided consistent 
pressure even after having been split wide open. 


set ee pti 
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Cannon Electric formerly used phosphor bronze as the spring 
metal until it conducted tests with beryllium copper. Now 
Cannon expects to make beryllium copper the standard 
‘napkin ring’ metal on all of its connectors. 


—— ecm 


A technical bulletin (#34) is available without cost from 
The Beryllium Corporation, Reading, Penna. It describes in 
detail the numerous tests used by Cannon Electric in eval- 
uating beryllium copper as a material for the sleeve springs 
of its multi-contact connectors. 
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NEW Accopac asbestos materials 
cut gasket costs 15 to 30% 


Your asbestos gasketing costs may be cut by as much as 30% with the new 
Accopac® asbestos materials made by Armstrong. 

These new materials are beater-saturated with your choice of synthetic 
rubbers. They're tough and flexible, won’t crack or pipe on bending. They die- 


cut cleanly. And they seal perfectly at flange pressures as low as 2,000 psi. 


Brief specifications on the new Accopac materials are given below. For 


more detailed information—and samples—write to Armstrong Cork Com- 


pany, Industrial Division, 7005 Ingersol St., Lancaster, Pa. 


PR, ge 


Armstrong Accopac Asbestos Compositions 


General Information 
Accopac asbestos materials are made by a patented modification 
of the beater saturation process. Although they are typical Arm- 
strong quality, they're inexpensive because they are made by an 
exclusive formulation in continuous rolls—literally by the mile. 
In the Accopac process, individual fibers are coated with a syn- 
thetic latex binder before the sheet is formed. The result is a 
strong, homogeneous material. Even in very thin gauges, Accopac 
asbestos sheets are tough and flexible. 


Characteristics and Uses 

Accopac asbestos materials are recommended for moderate to 
heavy-duty service. They should be considered for applications 
where compressed asbestos sheets are now being used. 

To provide resistance against a wide variety of oils, solvents, 
chemicals, and gases, Accopac asbestos sheets are offered with a 
choice of synthetic latex binders including styrene-type (Buna S), 
nitrile-type (Buna N) and chloroprene-type (neoprene). 

All Accopac asbestos sheets are moderately compressible, They 
will seal at flange pressures as low as 2,000 psi. 


Load compression curves~—Accopac asbestos compositions 


TENSILE 
STRENGTH 
MINIMUM 

PSI AMD 


BINDER 


PER CENT 
COMPRESSIBILITY 





Styrene- 
type 
rubber 
(Buna S) 


Chloroprene- 
type syn- 
thetic 
rubber 
(neoprene) 


Nitrile- 
type syn- 
thetic 
rubber 
(Buna N) 


17-27 
(1000 psi) 


30-40 
(5000 psi) 


1000 


1200 1400 1600 1800 2000 2200 2400 2600 


You'll find more helpful informa- 
tion on the whole line of Accopac 
fiber sheet gasket materials in this 


(Arm strong AcCCOPAC 


... used wherever performance counts 


new folder. Write for your copy 
Address 
Company, Industrial Division, 7005 


today. Armstrong Cork 


Ingersol St., Lancaster, Pa. 
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Here is CONTROL! 


May 1. Important news to engi- 
neers concerned with industrial 
control is announcement of 
standardized high permeability 
magnetic control devices now 
available from “Control,” a di- 
vision of Magnetics, Inc., Butler, 
Pennsylvania. 

“Control’s” first products are 
standard lines of saturable re- 
actors. Twenty-two catalogued 
reactor assemblies will be 
stocked and are ready for rapid 
delivery. 

Establishment of “Control” is 
a major step forward in per- 
mitting engineers to take full 
advantage of long life and 
ruggedness features of high 
permeability magnetic devices. 
It takes these units from the 
custom-order to the mass pro- 
duction stage with important 
benefits in engineering conven- 
ience and dependability. 

In recent years, high perme- 
ability magnetic devices have 
made real inroads in the indus- 
trial control field. CONTROL re- 
actor assemblies may be used 
for such diversified applications 
as motor control, voltage regu- 
lation, automatic battery charg- 
ing, are welding control and 
power amplification of the mi- 
nute outputs from many types 
of transducers. 

Engineering sales represent- 
atives are located in many key 
areas in the United States. Ad- 
vertising appears in leading 
trade publications in May, based 
on the theme “Reliability Begins 
With CONTROL.” 


MAY 
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standardized saturable reactors 


If you're a design engineer who would be delighted with 
industrial components which are sensitive and, under 
normal operation, last virtually forever with no main 


tenance or servicing, then you'll welcome COoNnTROL’s 
standard lines of saturable reactors. 


With Controt reactor assemblies and magnetic amplifiers, 
you know complete physical and operating characteristics 

a copy of our Catalog R-10 awaits your request. And, 
delivery is fast because sub-assemblies of these units are 


stocked, awaiting your control-winding specifications. 


ConTROL reactors are available for both 120- and 240-volt 
60-cycle operation. There are eleven standard sizes in each 
voltage range. They have extremely high gain. Six ampere- 
turns control nearly 2,000 watts in the largest size. Power 
outputs range from 50 to 2000 watts, with only 2 ampere- 
turns required for control of the smallest units. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


In addition to higher gain, smaller exciting current, and 
fewer ampere-turn characteristics, CONTROL reactors have 
a 40 to 1 cut-off ratio. They are totally enclosed so that 
the high performance toroidal cores used are protected, 


and the entire assembly has the ruggedness required 
for long life. 


ConTROL offers the same convenience of standardization 
in use of high permeability magnetic devices that you’ve 
enjoyed with other components Add to this convenience 
ruggedness and freedom from maintenance which is un- 
matched, and you'll welcome ContTRoL to your design 


picture. Write for complete details and literature today. 
CONTROL, Dept. EM-36, Butler, Pennsylvania. 


Leesessecesecessssee- kebCliability begins with Cc ‘ec \] TU'RQG] ; 


A DIVISION OF MAGNETICS, INC 





Wasted 


aE NON 


Just match your average load... . 
let silicones carry the overloads Ths! Phlp Spee stone nto Anecice os od 


. " a Electric System installed its first silicone insulated motor 
If you specify horsepower to equal “peak overloads, 

‘ , . : over 6 years ago ... a 1000 hp, 1190 rpm forced 
your motors work at full rated capacity only part of the ; : 
time — you're paying for unused horsepower. Today, th Se enter Se hy Shea Le. Saas oe 
silicone insulation has outmoded this kind of wasteful less costly to install than an equivalent 1500 hp con- 
over-motoring. Motors insulated with Dow Corning ventional motor, this unit has been operating in 
Silicones have a service factor of 25 to 50% ...so now ambient temperatures up to 120F without a sign of 
you can merely match your average load, and let this failure to date. Starting against cold air 4 times a 


built-in service factor handle intermittent overloads. day, it is overloaded by 30% bringing its total rise to 


Lower your motor costs! For every dollar wasted on 250 F with an output of 
unused motor capacity, you spend an additional $3 1300 hp. This kind of de- 
for starters, cable, transformer capacity and installa- pendable performance has 
tion. Silicone insulated motors save you real money! led American Gas and 
Boost your production! Motors insulated with Dow many other leading utili- 
Corning Silicones have much greater resistance to ties to standardize on sili- 
heat, moisture, and corrosive atmospheres . . . assure cone insulated 
more continuous production. 


Remember, over-motoring is outmoded 


Get sources for silicone insulated equipment—mail coupon today 


auxiliary 


motors. 


Dow Corning Corporation, Dept. 4517a Midland, Mich. ea 


Please send me sources for Silicone insulated SILICONES DOW CORNING CORPORATION 


[] Motor C] Transformers [J and Reprint 
“‘New Developments in Silicone Insulation.” MIDLAND, MICHIGAN 


a : : ? ; ATLANTA * CHICAGO «+ CLEVELAND «+ DALLAS «+ DETROIT 
LOS ANGELES * NEW YORK * WASHINGTON, D.C. (Silver Spring, Md.) 


COMPANY 








CANADA: Dow Corning Silicones Ltd., Toronto 
srerer . B : ‘ cae GREAT BRITAIN: Midland Silicones Ltd., London 
+ FRANCE: St. Gobain, Paris 





cirTy - - — ZONE - STATE 


40 MAY 1957 ELECTRICAL MANUFACTURING 





Industry-wide acceptance of super-durable 
E-I hermetically sealed terminals has made 
necessary further expansion of production 
facilities. The new plant in Murray Hill, 
New Jersey is one of the most modern in 
the electronics industry. New equipment, 
improved processes and larger capacity will 
make it possible to expand customer service 
on standard E-I terminals and custom seals. 


Other E-I facilities will continue to serve 
the industry at Irvington-On-Hudson, New 
York. Complete research laboratory where 
technicians are constantly at work antici- 
pating future design problems. 


for the Pioneer Producer of 


COMPRESSION 
SEALS’ 


Specify E-I for performance plus 
in commercial and military service: 


Compression Seals Threaded Seals 
Multiple Headers Transistor Closures 
Sealed Terminals Miniature Closures 
Condenser End Seals Color Coded Terminals 


ELECTRICAL 
-INDUSTRIES 


MURRAY HILL, NEW JERSEY 


A Division of Philips Electronics, Inc. 


*Canadian Pat. 523,390; British Pat. 734,583 
U.S. Patents Pending—All Rights Reserved 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


NOW-a new 


and expanded 


‘E-I Single Lead 


Terminals and 
Multiple Headers 


Super rugged, com- 
pression terminals 
available in standard 
types to meet prac- 
trcally any require- 
ment.Custom designs 
to specifications. 


E-| Hermetically 
Sealed Plug-in 


Connectors 
Keyed and gaged for 
use with RETMA 
octal type sockets. 
Availabie for vibra- 
tor, chopper, lock-in 
and novai sockets. 


E-l End Seals for 


Tubular Closures 
Completely strain- 
free. Afford a perma- 
nent hermetical seal 
for condensers, 
resistors and other 
tubular-type com- 
ponents 


E-| Transistor 
Closures, Custom 


Terminations 
For transistors and 
other components 
requiring hermetic 
sealing. Available 
complete with 
closures or 
customer's parts 
sealed if required 





A rugged high-torque, 
high-speed motor. 


Radar voltage regulator 
gear motor. 


Motor with efficient 
spur gear speed reducer. 


Lamb Electric fractional horsepower motors, like the small 
horses of the famed western-pioneer-day Pony Express, are 
developed for stamina. 

Their dependability, and efficiency (optimum weight-size- 
horsepower ratio) are qualities that result from proper design 
and careful manufacture by personnel with many years of ex- 
perience in the small motor field. 


May we demonstrate how Lamb Electric Motors can bring these 
advantages—and also perhaps lower costs—to your products? 


Motor for 


THE LAMB ELECTRIC COMPANY «+ KENT, OHIO sattiadiend dimen 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric — Division of Sangamo Company Ltd. —Leaside, Ontario 


if you are interested 
in any of the above 
motors write and we 
shall be glad to send 


SPECIAL APPLICATION MOTORS full information. 
FRACTIONAL HORSEPOWER 
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For a Contact- 


or a Complete Sub-Assembly... 
See Mallory 


Serving Industry with These Products: 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts * Special Metals * Welding Materials 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Mallory offers you the savings and conve- 
nience of a single source for a simple contact 
—or a complete contact sub-assembly. 


As Mallory has done for many manufac- 
turers, we can consult with your engineers 
on a contact problem—solve the problem— 
design the contact element for easy inclusion 
in an assembly—and, if you want, build the 
entire sub-assembly for you. 


Into this service goes all of Mallory’s long 
experience in the contact field. Mallory 
metallurgy has equipped them with the best 
of materials and know-how, for the contact 
itself—for the backing metal—for design of 
the housing and for assembly techniques. 


The pictured assembly was designed in co- 
operation with a leading electrical equip- 
ment manufacturer. The contacts, conduc- 
tors, terminal points and the molded plastic 
case are all cooperative products of Mallory 
and the customer’s engineering and manu- 
facturing abilities. The contact material, 
Mallory D-54*, permitted the customer’s 
product to pass Navy tests—and at the same 
time reduced costs by 15%. 


So if yours is a contact problem—or a com- 
plete contact sub-assembly problem—bring 
it to Mallory. A single source can expedite 
your supply and minimize your scheduling 
problems. Write, or contact the Mallory 
representative—today, for literature or a 
consultation. 


Expect more...get more from 


Pp. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 





NEW LOW COST POWER RELAY 
HAS © SPECIAL “EE: FEATURES 


ENGINEERING DATA 


Specifications 
Contact Form 


Contact Ratings 


reliable 
versatile 


adaptable 


Coil Ratings 


Contact Terminals 
Coil Terminals 


. Molded terminal block 
actuator and cover 


. “Hammer-blow” ac- 
tion on contacts when 
coil is de-energized 


. Dust or lint contact 
cover 


. Screw or quick connect 
eee aliey 


Meaty Mls me 


. Variety of mountings 


Power Appliance Relay Type 75 
S.P.N.O. or 2 P.N.O. 


25 amps. per pole resistive at 230 volts 
60 cycle 


Inductive ratings—Consult factory for 
special inductive ratings giving details of 
application 


Screw type or Quick connect type _ ~ 
Quick connect type 

Up to 240 volts, 50 or 60 cycle 
(Standard Pick up 85% Rated) 

Volt Ampere Ratings (Approximate) 
Armature Open Armature Closed 


50 cycle 19 50 cycle 13 
60 cycle 16 60 cycle 12 


other outstanding 


*ESSEX ENGINEERED 
production ie oad products 


REFRIGERATION WIRES 


The complete line of “Essex Engineered” in- 
ternal, lighting circuit, heater and lead wire 
...plus flexible conduit, power supply cords 
and thermostat cables, are approved by 
ae ee Wire and Cable Division 

Fort Wayne, Indiana 


GENERAL PURPOSE RELAYS 


A.C. or D.C. General Purpose Multipole re- 
lays. For circuit switching of electrical inter- 
locking remote control devices. Features 
special cross-bar contacts for low-voltage, 
low current circuits or button type contacts for 


power switching circuits. Request Bulletin 
No. 1060. 


R-B-M “Control” Division 
Logansport, Indiana 

Among several design features the R-B-M Power Type 75 

Appliance Relay has a unique “hammer action” on contact 

opening which actually forces contacts open. A low wattage 

coil can be incorporated if ambient temperatures are higher 

than normal. Coil terminals are quick connect type. R-B-M 

Power Type 75 Relay has been designed for appliance appli- 


cations where trouble-free operation and low cost are vital 
COILED CORDS 


The “spring” in Coiled Cords automatically 
synchronizes with moving components that 
are electrically powered. There are no loop- 
ing, tangling cords in the way... because 
Coiled Cords extend and retract as needed. 
Write for new literature. 


factors. Also, special ratings are available for inductive or 
motor loads. Pilot duty device normally connects coil to 


voltage source and contacts close the power circuit. 


Write for Descriptive Bulletin 1030 


Cords Limited Division 
DeKalb, Illinois 


RBM DIVISION 


Manufacturers of Magnetic 
Controls and Devices 


ESSEX 


WIRE CORPORATION 
/vocansrorr, INDIANA 
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4 a Be ee 


dependa le 


Rugged, low-loss AlSiMag Alumina ceramics 
permanently bonded to appropriate metals to 
produce superior high temperature seals. 


Outstanding electrical and mechanical charac- 
teristics over wider temperature and frequency 
ranges. 


Excellent heat shock resistance. High softening 
temperatures. Vacuum tight. Improved glaze with 
superior surface resistivity. Greater impact and 
tensile strengths. Resistant to chipping and spall- 
ing. Precision tolerances. 


Complete facilities for volume production. Uni- 
form ... piece to piece. Standard or custom de- 
signs. To assure optimum performance of the 
latter, our engineers cooperate in establishing 
proper specifications and configurations. Low tem- 
perature metal-ceramic combinations available. 


For complete information on AlSiMag Metal- 
Ceramic Seals for either low or high temperature 
applications, send blueprint with planned installa- 
tion and operating temperatures, electrical re- 
quirements or other relevant data. 


A Subsidiary of be , 
Minnesota Mining and es 
Manufacturing Company > > 





OAK 


rotary solenoids” 


*“Mfd. under license from G. H. LELAND, INC. 


built for you separately 
or in remote - controlled 
subassemblies 


TYPICAL OAK SUBASSEMBLY WITH 
ROTARY SOLENOID (M1273E BASE 
BUILT FOR BENDIX RADIO DIV.) 


Oak stamps, draws, welds, and etches the aluminum 
chassis . . . builds the rotary solenoid switch .. . 
manufactures the screw machine parts . . . makes the 
complicated cable harness . . . assembles all the parts 

. then runs life tests, heat and cold checks, and 
humidity chamber trials. 

Oak can offer you complete engineering and manu- 
facturing facilities for electro-mechanical subassem- 
blies, plus a knack for making complicated devices 
producible. Time and again, Oak engineers have 
suggested changes that resulted in lower costs and 
better operation, 


meet the most severe 
MIL specifications 


In converting a straight pull to rotary motion, 
Oak rotary solenoids give a high-torque, posi- 
tive action, even under severe mechanical 
operating conditions. Oak rotary solenoids are 
compact, also, and help economize in wiring 
and mechanical linkage on remote-control 
devices. Three standard sizes in many varia- 
tions cover a wide range of switching and light 
mechanical tasks. Oak also can supply any 
component needed to accompany rotary sole- 
noids. Because Oak 

engineers know the ap- 

plication possibilities of 

rotary solenoids inside 

and out, consult them 

early in the design stage. 

They can save you valu- 

able time. Write for a 

copy of Oak’s rotary 

solenoid bulletin that 

includes time-saving lay- 

out sheets. 


OAK MFG. CO., Dept. H, 1260 Clybourn Ave., Chicago 10, Ill, 
Phone: MOhawk 4-2222 


Chicago, Ill. Crystal Lake, Iii. Chicago, III. Elkhorn, Wis. 
SWITCHES « CHOPPERS «+ SPECIAL ASSEMBLIES « VIBRATORS « TUNERS 
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SINGLE-CHANNEL, PULSE HEIGHT ANALYZER, 
a product of Radiation Instrument Develop- 
ment Laboratory, is the only complete unit of 
its kind available. Below, its housing is re- 
moved to show chassis-mounted Sola Type 
CVE Regulated Power Supply Transformer 
that provides +3% stabilization of low voltage 
and filament supply. 


Sola regulated power supply transformers 
stabilize low voltage and filament supply 
for analysis of radioactive isotopes 


Radiation Instrument Development Laboratory 
enjoys a world-wide reputation for product performance 
and reliability. The Sola Regulated Power Supply 
Transformer (Type CVE) —-as a chassis-mounted com- 
ponent in many of RIDL’s radiation instruments—is an 
important contributor to this exceptional reputation. 


The Sola voltage stabilizer is the ideal power supply 
transformer for many types of electronic equipment. It 
provides a single, compact source of plate and filament 
supply voltages regulated +3°%, even though line volt- 
age varies from 100-130 volts. It replaces conventional, 
non-regulating power transformers and voltage regu- 


SOLA farce 


lating circuit or components. Use of the CVE contrib- 
utes not only to stable performance and extended tube 
life, but also to compactness and economy. 


Sola Type CVE transformers are available in 
standard models (+3° regulation), or in special de- 
signs with regulation of one winding as close as +1%. 
They have no moving parts or tubes, and regulation is 
completely automatic, instantaneous, and continuous. 


Your area representative is listed below. He’ll be 
happy to give you specific information on Sola Regu- 
lated Power Supply Transformers as a component in 
your electronic equipment. 


Write for Bulletin 6E-CV-170E 
SOLA ELECTRIC CO. 

4633 W. 16th Street 

Chicago 50, Illinois 


CONSTANT VOLTAGE TRANSFORMERS © FLUORESCENT LIGHTING BALLASTS @© MERCURY VAPOR LIGHTING TRANSFORMERS 
SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 © NEW YORK 35: 103 E. 125th St., TRafalgar 6-6464 
PHILADELPHIA: Commercial Trust Bidg., Rittenhouse 6-4988 ®© BOSTON: 272 Centre Street, Newton 58, Mass., Bigelow 4-3354 @ CLEVELAND 15: 
1836 Euclid Ave., PRospect 1-6400 © KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 © LOS ANGELES 23: 3138 E. Olympic Bivd., ANgelus 
9-9431 @ SOLA ELECTRIC (CANADA) LTD., TORONTO 17, ONTARIO: 102 Laird Drive, Mayfair 4554 ® Representatives in Other Principal Cities 
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Vibration won't loosen FLEXLOC self-locking nuts 


Where products must be reliable...must stand up 


under vibration, temperature extremes and hard use 
. designers specify rugged, reliable, precision-built 
FLEXLoc self-locking nuts. 


HERE’S WHY: 

FLExLoc locknuts are strong: tensile strengths far 
exceed accepted standards. They are uniform: care- 
fully manufactured to assure accurate, lasting locking 
action. And they are reusable: repeated removal and 


FLEXLOC iocknur 


replacement, frequent adjustments, even rough screw 
threads will not affect their locking life. 


Standard FLex oc self-locking locknuts are available in 
a wide range of standard sizes, types and materials to 
meet the most critical locknut requirements. Your local 
industrial distributor stocks them. Write us for complete 
catalog and technical data. Flexloc Locknut Division, 
STANDARD PRESSED STEEL Co., Jenkintown 9, Pa. 


STANDARD PRESSED STEEL CO. 


DIVISION 


JENKINTOWN PENNSYLVANIA 
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Now...an accomplishment so far reaching it will 
change the sights of all rectifier users 


—_ " PETTI-SEL 


9 
RECEPTOR'S * High Current Density 


improved new Industrial type 
vacuum process SELENIUM RECTIFIERS 


Developed by the famous Siemens Organization of West Germany 
and now manufactured by Radio Receptor Co. in the U. S.A. 


Estimated life 100,000 hours 


Much smaller cell sizes than conventional 
units of the same ratings 


Lower forward voltage drop 


Suitable for high temperature applications 
























TYPICAL FORWARD 


Far smaller in size than other rectifiers of the same current ratings, the new 
CHARACTERISTICS ze tha er rectifiers e same curre ings 


Radio Receptor HCD Petti-Sel units are manufactured under laboratory con- 
trolled conditions with fully automatic machinery, assuring new standards of 
product uniformity. 

Field experience extending over several years with these rectifiers indicates 
an estimated life of 100,000 hours. This is largely attributable to the special 
process requiring no artificial barrier layer. Low forward voltage drop and low 
aging rate make the new Petti-Sel Rectifiers applicable to magnetic amplifiers 
and other control applications. 











HCD PETTI-SEL 
Rectifiers 


— ee eee eee ee ee ee ee 














TYPICAL AGING 
CHARACTERISTIC 


Cell size 4” x 4”, single 1007- 


¢ 
300 phase bridge (4-5-1-B) oper- 2 
ated at 130 volts AC input, 7 
8 amperes DC output cur- 5 
rent, resistive load, 35°C 39 & 
ambient temperature. 3 


200 


FORWARD CURRENT DENSITY (MA/IN®) 





Other American 
rectifiers 
now available 


HOURS O 5000 10000 15000 20000 








Watch for further announcements of unique developments 
on these history-making rectifiers. If you would like our new 
bulletin as soon as it is available, write today to Section EM-5. 






Semiconductor Division 


RADIO RECEPTOR COMPANY, INC. 


Subsidiary of General Instrument Corporation 


240 Wythe Avenue, Brooklyn 11, N. Y. * EVergreen 8-6000 


Radio Receptor Products for industry and Government: Selenium Rectifiers « Germanium Diodes 
Thermatron Dielectric Heating Generators & Presses * Communications, Radar & Navigation Equipment 





FORWARD VOLTAGE (AC.RMS) 


Which of these oil-proof enclosures can 
you use right now? 


All welded con- 
TS igtiait- et Tel Mel 
TIM a 1 eee tt) 
External mounting 
feet and cover 
clamp 

Heavy gauge con- 
tinuous hinge 
Neoprene gasket 
Pre) 

Padlock hasp for 
Ta eur) 
he) ml ae 
ar: Mee 
Baked white 
enamel interior 


Prime coat exte- 


rior 


NEMA TYPE 12 PANEL ENCLOSURES 


These panel enclosures are strong, rigid and cleanly finished. All 
welded construction on heavy gauge steel. No knockouts or holes to admit oil, 
water, dust. Stock sizes at low cost for fast delivery. Or we can make any 
size you want. Illustrated above is wall cabinet type. We also make a floor 
mounted 2-door series in the following sizes: 54x42x8, 60x48x8, 60x48x10, 
60x60x10, 72x60x10. 


STANDARD STOCK SIZES, SINGLE DOOR, WALL MOUNTED 
16x12x6 30 x 20x6 30x24x8 42x36x8 
20x 16x6 30x 24x6 36x 24x8 48 x30x8 


20x 20x6é 36x24x6 36 x30x8 48 x36x8 
24x20x6 24x24x8 42x30x8 60 x36x8 


POORER Eee eee EERE ROO EEE EEE EEE EEOEEOEEEEOEEEEE EEE EEOEEEEEEEEEEEEEEEEEEEOEEE OED - 


2” WIRING BOXES 


This is a unique small box which may 

be just what you are looking for. Com- 

pletely oil-tight and dust-proof. Neo- 

prene gasketed cover. Cover screws 

thread into the box outside the gas- 

ket line. Available with or without 

Need a \, mounting feet. Stock size 4 x 2 x 2, 
little one E or other sizes on specification. 


like this? 


PUSHBUTTON BOXES 


Patented openings will fit all standard makes of oil- 
tight units. Conduit connections can be made at any 
location you specify. Neoprene gasket provides positive 
cover seal. This type is made of 14 gauge steel, and 
is immediately available in ten standard sizes to accom- 
modate from one to twenty-five push buttons. Cost is 
surprisingly low. 


Write us 


WE SPECIALIZE IN HIGH QUALITY 
SHEET METAL ENCLOSURES OF 
ADVANCED DESIGN 


Here are some of the Hoffman boxes that 
the trade likes so well today. We build them 
strong and give them a smart, clean finish. Cus- 
tomers like them so well we’ve had to double 
and then redouble our production space. Why 
not look at a sample? You'll see why. 

All of these models comply with J. I. C. spec- 
ifications and come in a wide range of sizes. 
They are stocked by selected electrical whole- 
sale distributors—fast service. But we can make 
any special size you need to fit your specifica- 
tions. Tell us your problem—we can work it out. 


J. 1. C. WIRING 
BOXES 


4x 4x3 
6x 4x3 
6x 6x4 

8x 6x3% 
. 10x 8x4 
Oil-proof - 12x10x5 
Dust-proof y 14x 12x6 
| 16x 14x6 


Fourteen gauge steel, welded seams, all sides flanged. 
Neoprene gasketed cover chained to box, clamps on tight, 
opens up easily. No screw holes to leak oil or water. 
Clamp screws captivated, cannot get lost. Available with 
or without removable panel. Eight standard sizes. 


J. 1. C. 
WIRING 
TROUGHS 


Ideal for electrical wiring on machinery, in 

buildings, and outdoors where oil, dust, dirt 

or water is a problem. All seams welded, no holes in trough 
or cover. Gasketed clamp cover provides tight seal. Eight 
standard sizes ranging from 2¥2 x 242 x 12 to 4x 4x 72. 
Special sizes on request. 


Note: These troughs are also available with flanged ends 
and fittings that can be bolted together to make a con- 
tinuous oil-tight wireway. 
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your source for savings in 


ponent design 


production 


Here, Perspective Engineering conceives and creates fasteners 
and components of metals and plastics for mass-assembly. Skilled 
craftsmen produce these parts by the millions in integrated manufac- 

turing facilities. Through this unique combination of talent and 

machinery, industry is served with maximum design flexibility and 
production speed. Assembly time is saved, costs are reduced. 


FASTEX® PARTS PICTURED ABOVE ARE: |. Q Fasteners (7.m.), fasten with a quarterturn. 2, Plasti-Supports (7.m.), blind-assembly shelf supports. 
3. Plasti-Grommets ®, self-retaining blind screw receptacles. Plasti-Plugs ® improve product appearance. 5. Molding Clips are self-adjusting, 
vibration proof. 6, Plasti-Rivets®, one-piece, self-expanding for blind assembly. 7, Springrip Fasteners with internal teeth. 8. Plasti-Rings ®, 
self-retaining plastic shaft retainers. 9, Precision Stamped Gears, complete range of types and sizes. 10. Speed Nuts ®, economical self-retaining 
nuts. 11. Engineered Stampings speed assembly. 12, Plastinite® one-piece strain-relief grommets. 13, Nylon Spiroid® Gears offer new space 
and weight economies. 14, Engineered Molded Plastic Parts, low-cost, time-saving. 


DIVISION OF ILLINOIS TOOL WORKS 
195 Algonquin Road, Des Plaines, Illinois 


in Canada: Ps , 
SHAKEPROOF-FASTEX os, al 
Division of Canada - 
Iinois Tools, Ltd. 


Toronto, Ontario 





SOLUTIONS UNLIMITED 


Torrington is the one place 
where engineers work only 

on air moving problems 

in the development of 

air impellers supplying the full range 
of industrial requirements. 

As a result, more air moving 
problems are being studied today 
in Torrington’s Research and 
Development Laboratory than 
anywhere else in the world. 

If you have product problems 
relating to the design, application 
and performance of air impellers, 


talk to Torrington. 


THE TORRINGTON MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT + VAN NUYS, CALIFORNIA + OAKVILLE, ONTARIO 
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This premix consists of reinforcing 
material, such as fiber glass or sisal, 
thoroughly mixed with polyester resin 
containing Dow Styrene. 


The premix molding compound flows 
evenly to each and every section of the 
closed die as it is compressed under 
heat and pressure. 


After a very short cycle, the finished 
premix molding is removed from the 
die. It is now ready for immediate 
assembly or shipment. 


CUTAWAY VIEW SHOWS uniform strength 


in every section. There’s no resin-rich area, no 


special reinforcing, no pre-forming. 


For lower bids: premix moldings 


For uniform strength: polyester resin with Dow Styrene 


Many complicated parts—especially parts with varying wall 
thicknesses—are now made better, at lower cost, by premix 
molding. There are no resin-rich areas. Strength is uniformly 
distributed. Pre-forming is eliminated. And holes and nozzles 
can be molded in a part, eliminating punching and drilling 
operations. 


Leaders of the automotive and appliance industries have 


proved the benefits of premix moldings for specific parts. 
Many innovations are now on the drawing boards. 


The product shown is an example of the many now being 
made by premix molding using Dow Styrene. For technical 
assistance on Dow Styrene, write THE DOW CHEMICAI 
coMPANy, Midland, Michigan — Plastics Sales Department 
PL1886H. 


Photographs through the courtesy of Fabricon Products, River Rouge, Michigan 


YOU CAN DEPEND ON 
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GENERAL ELECTRIC VITREOUS-ENAMELED RESISTORS are 
available in both fixed and adjustable types. Most re- o.__. « 
quirements can be met with immediate shipment from 
stock. Additional units with a wide variety of mounting 


arrangements are available for special applications. 


GENERAL @@ ELECTRIC 








ee 





a new line of... 


vitreous 
enameled 
resistors 


General Electric presents a new line of enameled resistors 
designed for dependable, long-lasting service. These new 
resistors—rated from 5 to 218 watts—are ideal for both 
industrial and electronic applications. 








RELIABLE PERFORMANCE 
THROUGH PRECISION MANUFACTURING 


Maximum equipment-performance and long resistor life 
are assured with G.E.’s new line of resistors because: 


" @ Low-temperature-coefficient wire means stable operation. 
@ Elimination of ‘‘hot-spots’’ reduces resistor burnouts. 


@ Special enamel coating is moisture and acid resistant. 
@ Wire junctions are silver brazed for positive connection. 


NEW CATALOG SIMPLIFIES 
SELECTION AND ORDERING 


To aid you in selecting the right resistors for your 
specific applications, General Electric’s new easy-to-use 
resistor catalog puts complete information on performance, 
ratings, dimensions, mounting arrangements, and ordering 
instructions right at your fingertips. 


For complete information on General Electric’s new 
enameled resistors, contact your nearest General Electric 
. Apparatus Sales Office. For your copy of the new G-E 
: resistor catalog, GEA-6592, write Section 784-5, General 
. Electric Company, Schenectady, N.Y. 





Industry Control Department, Roanoke, Virginia 


| Progress /s Our Most Important Product 
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HEARING 
AIDS 


or 


RECORDING 


302 STAINLESS CASE 


TRANSFORMER 
4750 


@ © v4 


’ AIR RECEIVER 
MEOMPONENTS ~ 4750 


d &e - bt 


MAGNETIC Menor 


00: 


MAGNETIC BONE RECEIVER 


- 4750 
eECORDER HEAD . 


eee” 


HEADS 


WIRE 


or ANY MAGNETIC MATERIALS JOB... 


quail garenit 


Whitt for 
your Copy 


“MAGNETIC. 
MATERIALS” 


This 32-page book contains valuable 
data on all Allegheny Ludlum mag 
netic materials, silicon steels and spe 
cial electrical alloys. Illustrated in full 
color, includes essential informati 

on properties, characteristics, applica 
tions, etc. Your copy gladly sent free 


ADDRESS DEPT. 89 


You can re/y on core materials like 


the Allegheny 4750 components illus- 
trated above, in your receivers, record- 
ing heads or microphone assemblies. 

In fact, whether your equipment is 
small or large, 
of A-L magnetic materials will solve 
your magnetic core problems. It in- 
cludes all grades of silicon steel sheets 
or coil strip, as well as Allegheny 
Silectron (grain-oriented silicon steel), 
and a wide selection of high-permea- 


the extra-broad line 


bility alloys such as 4750, Mumetal, 
Permendur, etc. 

Our service on these materials also 
includes complete facilities for the 
fabrication and heat treatment of 
laminations. (For users of electrical 
sheets and strip, our lamination 
know-how is a real bonus value!) 
Either way, we'll welcome the 
chance to serve you. Allegheny Ludlum 
Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum 
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NEWS OF MATERIALS THAT ARE 
IMPROVING TODAY’S PRODUCTS 


THE NAT 


PUBLISHED BY NATIONAL VULCANIZED FIBRE CO., MANUFACTURERS OF: 


VULCANIZED FIBRE - 


A leader in the industrial design field for 
over 25 years, Donald Deskey is founder 
and senior partner of Donald Deskey Asso- 
ciates. Among the many well-known com- 
panies who have employed the Deskey 
services are: Bigelow-Sanford, Brunswick- 
Balke-Collender, Proctor & Gamble, Sin- 
clair Oil and Westinghouse. Mr. Deskey is 
credited with being the first designer to in- 
troduce tube steel furniture into the U.S. on 
a mass production basis. Weldtex®, a 
striated plywood, was another of his devel- 
opments. 


A DESIGNER LOOKS 
AT MATERIALS 


by Donald Deskey 


The job of the designer has always been 
to create leadership through innova- 
tion. More often than not, however, he 
has been too closely associated with the 
drawing board—with applying a super- 
ficial “‘face-lifting” to the final product 
design. 

Today’s volume production-market- 
ing concept has brought the designer’s 
growing responsibilities into clear focus. 
In one sense, he has become the fulcrum 
balancing efficient production and suc- 
cessful marketing. And his decisions 
reach from the basic formulation of new 


PHENOLITE® LAMINATED PLASTIC - 


product planning, through design and 
production, to many aspects of mer- 
chandising. 

Prominent among his decisions, which 
affect almost every phase of bringing a 
new product to the market place, is the 
matter of material selection. 

Selecting materials today is more 
complex than it ever has been for the 
simple reason that the choice of mate- 
rials—in a variety of grades—is greater. 
If this problem is complex today, it will 
grow more so. In a climate where some 
new material is brought forth almost 
every day, there is a natural tendency 
to lean in the direction of this “‘new- 
ness”’ and the promise of unusual and 
exciting properties. Obviously, this is a 
healthy tendency, for with each new 
material it usually follows that some 
design obstacle is removed. 

Yet it is in this very area of material 
exploration and evaluation that the de- 
signer must exercise his full experience 
and his appreciation of the production 
problems involved in working a new 
material, or the unforeseen difficulties 
in selling a product made of a new ma- 
terial. An example of the latter, still 
vivid, is the general apathy on the part 
of the customer to all plastics immedi- 
ately after World War II. Today, these 
materials have rightfully gained full 
consumer acceptance in a multitude of 
products. This has been due largely to 
more intelligent application of materials. 

Often, the solution to a materials 
selection problem can be found without 
excessive trial, expense and delay if the 
designer’s approach is one of: ‘“‘What 
new refinement can be achieved with 
this old material?’’ rather than, ‘“‘What 
can be done with this new material?’’. 
Here’s a recent example .. . 

Vulcanized Fibre is undergoing con- 
siderable re-examination by a number 
of designers and manufacturers. This 
material is a chemically pure converted 
cotton cellulose and has been available 
for over 80 years. For a material that 
has been around so long, its general 
properties are quite amazing. It is ex- 
tremely tough in all sizes and forms, 
and almost horn-like in thick sections. 
It weighs only half as much as alu- 
minum and is .9 as strong. Fibre can be 
colored in manufacture; painted or 
vinyl-sprayed without pre-treatment or 
finishing; cold-embossed; and will take 
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NATIONAL NYLON 


a high polish. It can be formed and 
deep-drawn; is easily machined and 
fabricated. This smooth material can be 
laminated, or combined with other ma- 
terials, and has a natural, somewhat 
“‘warmer’’ feel to it than most synthetic 
materials. 

Current explorations of Vulcanized 
Fibre indicate considerable promise in 
structural applications far beyond the 
materials-handling containers, waste- 
baskets and trunks in which the mate- 
rial has been extensively used. 

Certainly new materials offer an ex- 
citing highway to new horizons in de- 
sign. But in practical day-to-day solu- 
tions, the possibilities with known basic 
materials at hand are unlimited—if we 
choose to examine their potentials. 


NYLON JOINS NATIONAL MATERIALS FAMILY 


in extruded rods, 4 through 2-inch 
diameter in 3 and 6-ft. lengths, and 
precision fabricated parts. The addi- 
tion of nylon now offers the designer 
more than 100 grades of National 
materials from which to select. It’s 
industry’s broadest line. Circle item 
D on back page for more information. 
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Out of National’s Research and De- 
velopment Laboratories come material 
property variations that permit an ever- 


broadening range of new applications. 


Case in Point: A leading refrigerator 
manufacturer found that Vulcanized 
Fibre had the desired properties for a 
refrigerator door latch—with one ex- 
ception. Fibre—in its natural state— 
could not pass the stringent test for 


fungus resistance. 


National 


cated the manufacturer’s testing pro- 


Solving the Problem: dupli- 
cedure and tested all known fungus- 
proof coatings. All proved unsuitable. 
Protective coatings cracked during the 
punching operation—exposing hair-like 
lines in which fungus could grow. Na- 
tional had to find a fungicide that was 
water-soluble to penetrate the fibre, 
that was not toxic to humans, that was 
odorless and tasteless, yet would with- 
stand the onslaught of the most de- 


structive fungi. 


Most of the fungicides tested proved 
toxic or gave off odor. But after more 
than a year of continuous testing, a 
fungicide was developed that met all 
conditions. National has supplied fun- 
gus-proof Vulcanized Fibre door latches 


to this customer ever since. 
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For this application, Vulcanized Fibre 
must pass these tests: 


Fungus Test: Pieces of .020 black fibre 
are suspended in sterilized jars which 
contain a nutrient in which fungi will 
grow. Fibre and the nutrient medium 
are inoculated with spores of asper- 
gillus flavus, aspergillus niger and 
chaelomiun globusum. After 30 days in 
incubator—humid atmosphere at 84 to 
90°F temperature—the jars are opened 
and examined for any evidence of fun- 


gus growth on the fibre. 


Stain Test: Black fibre pieces are soaked 
with tap water for one hour. Then laid 
on white Dulux coated metal and put 
under 25 psi pressure for seven days at 
room temperature. When removed, the 


Dulux coating is tested for stain. 


Odor Test: Unsalted butter, distilled 
water and the fibre samples are refrig- 
erated in a closed jar at 45°F for 16 
hours. When removed, they are tested 


for odor and taste. 


In addition to meeting all the above 
tests, National Vulcanized Fibre must, 
and does, meet the severe physical tests 
for this door-latch application to com- 


plete customer satisfaction. 


New Paper Base Laminate 
Resists Arcing and Flame 


A new paper base laminate with su- 
perior arc and flame resistance is avail- 
able in production quantities from 
National. 

Identified as PHENOLITE Y-2500, it 
is bonded with a modified phenolic 
resin that gives fire resistance qualities 
for superior service in electrical and 
electronic applications. 

While its general properties corre- 
spond to NEMA Grade XX, National’s 
new PHENOLITE Y-2500 also provides 
arc resistance of 100 seconds. The new 
material punches and shaves better 
than any melamine paper base lami- 
nates presently used for arc-resistant 
applications. As a_ self-extinguishing 
laminate, it passes the standard Under- 
writers Laboratory flame test. 

Recommended for use where arc and 
flame resistance are of primary impor- 
tance and where economy is a factor, 
PHENOLITE Y-2500 laminate is particu- 
larly suited for such applications as: 
arc deflectors, circuit breaker com- 
ponents, electrical switches and other 


interrupting devices. 


PHENOLITE Y-2500 is available in 
sheet sizes of 39 by 47 and 39 by 339 in. 
and in thickness from .015 to 1.0 in. 
It comes in a standard semi-gloss and a 
special dull finish in either natural 
(light brown) or red. 

For more information on PHENOLITE 
Y-2500 paper base laminate, circle 
item A in the literature section on the 


back page. 
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NATIONAL COMPARATOR 
CHART helps designers 
select one best material 


Selecting the best material for a new 
part is easy when you use the new 
National Basic Materials Comparator 
Chart. This chart rates 34 materials for 
23 properties, including cost. All you do 
is list your material specifications and 
check them in order of importance 
against the comparator chart. Circle 
the ratings that. qualify. 


Typical Problem: Assume that you want 
the best switch-plate material for a 
new line of precision rotary switches. 
Your specifications are: (1) Electrical 
stability under humid conditions, (2) 
Low dielectric loss, (3) Low moisture 
absorption, (4) Heat resistance, (5) In- 


NATIONAL BASIC MATERIALS COMPARATOR CHART 


ee 


: is us |e ® 
near | it 6 oe: | ne 


Ovetec tre Lireng!> Perpendaceia le wmastons 
(28 vat per eel ee | 18" = G) 


sulation resistance and (6) A combina- 
tion of impact strength, dimensional 
stability and acid and alkali resistance. 


Easy to Use: First, check your prime re- 
quirement—electrical stability— 
against the electrical stability ratings 
in the chart. Circle all ‘E’ ratings. Seven 
grades qualify. Second, circle those of 
these seven grades that score best for 
low dielectric Since six score 
‘excellent’, drop the grade that scores 
only ‘good’. 


loss. 


For the third requirement—low mois- 
ture absorption—all six remaining 
grades pass with ‘excellent’ ratings. 

When checking and circling the four:h 
specification—heat resistance—the 
grades are reduced to two. The fifth 
material requirement— insulation resis- 
tance—narrows the field to Grade 
G-7-830. Rapidly checking Grade 
G-7-830 with the remaining require- 
ments, we find it passes all with high 


LAMINATED PLASTIC 


Grade G-7-830 PHENOLITE, selected through 
use of Comparator Chart, is made into 
switch plates for precision rotary switches. 


ratings. You now have chosen the best 
material for your switch plate. 


For your free copy of ‘National Basic 
Materials Comparator Chart’, circle 
Item C in the literature section on the 
next page. 
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DESIGNERS 
RE USING 


Rectifier enclosures are machined from 
natural XXX-36 square PHENOLITE 
tubing. Superior dielectric properties 
(dielectric constant—106 cycles—5.3) 
and physical strength (compressive 
strength—22,000 psi) are the prime 
reasons for this application. 

Extreme strength in relation to light 
weight recommends natural XN-152 
PHENOLITE for use in mountings for 
aviation instruments. 

Peerless Electrical Insulation Grade 
of National Vulcanized Fibre is formed 
into coil insulators for small electric 
windshield wiper motors. This applica- 
tion utilizes Peerless Insulation’s su- 
perior electrical characteristics, ability 
to be easily formed and reasonable cost. 


FIBRE: 


A SMOOTH SOLUTION 


Mr. Hayes Scott, President, 
Engineered Products Com- 
pany, states, ““We have yet 
to find a material that 
comes close to the quality 
of National Vulcanized 
Fibre for our glides and 
tracks.”’ Fibre’s hardness, 
smoothness, resistance to 
wear and low friction co- 
efficient make this applica- 
tion a natural. 


Fig. 1 


Solid fibre tracks for by- 
passing glass doors. 


Fig. 2 


Machined fibre sliding sur- 
face inserts in aluminum 
tracks. 


Fig. 3 


For sliding doors, a fibre 


guide rides on a fibre blade. 
Strips of Commercial Grade Vulcan- 


ized Fibre are punched into type holders 

for automatic check imprinters. For 

this application, Vulcanized Fibre met 

the following specifications: (1) toler- 

ance within + .002-in., (2) flexibility to 

permit bending on the printing head, NATIONAL VULCANIZED FIBRE CO., Dept. C-5, Wilmington 99, Del. 
(3) toughness to withstand repeated Please send me literature checked below. 


printing impressions, and (4) relatively [_] 1 would like to receive THE NATIONAL SCENE regularly. 
low cost. 


A. Materials =a C. Comparator 
Catalog, 6p. = Chart, 4p. 


od D. Nylon Data 
Booklet, 8p. sere 8 Folder, 6 p. 


Superior electrical insulation qual- 
ities and low cost are the reasons why 
Peerless Insulation is formed into the 
auto rheostat insulator shown here. 


NATIONAL 


VULCANIZED FIBRE CO, 


WILMINGTON 99, DELAWARE 
in Canedo 


NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronte 3, Ontarie 
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YNAMATIC 


DYNASPEDE “sre: DRIVES 


Provide these important Advantages 


Adjustable speed from AC power source 
Accurate speed control 

Wide speed range 

Rapid response 

Low power losses 


No commutators, rings, brushes, or 
rotating coils 


Simple construction 
Remote control 


Quiet, efficient operation 


1. Input Drum Assembly Low maintenance cost 
2. Stationary Field Assembly 


3. Output Rotor Assembly 


For a long list of industrial drive applications where 
stepless adjustable speed is required, the new Dynamatic 
Dynaspede® Drives are ideal. The liquid-cooled, completely 
enclosed, stationary field eddy-current couplings are avail- 
able mounted integrally with D-flange squirrel cage motors = 
in capacities from 3 to 75 HP. Motor types available are \ Send for 
drip-proof, totally enclosed fan-cooled, and explosion-proof. 


Illustrated Literature 
Separately mounted couplings in capacities from 3 to 2500 “Ls ye T 
nye es P Describing These New 
HP, and larger, are also available. Dynamatic electronic or ; : Se : 
magnetic amplifier controls, in combination with these Stationary Field Drives 
drives, provide wide latitude in operating functions. 


and Couplings 


—————————— DYNAMATIC DIVISiON————"—"——" 
EAT MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE . KENOSHA, WISCONSIN 
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MICRO SWITCH Precision 


-++ FIRST IN PRECISION SWITCHING 


Wide variety of switch types 
in the Hercules 








Series VA Enclosed Switches 

These combine the features of sealed con- 
struction and high electrical capacity. 
They are available with roller arm or 
lever actuators. 
























Series V3 Basic Switches 

These have the highest electrical capac- 
ity for their size of any switch available. 
Are available in wide variety of terminal 
designs, contact arrangements and oper- 
ating characteristics. 


Series SE Sealed 

Subminiature Switches 

These are the smallest and lightest com- 
pletely environment-free precision 
switches available. They are built to give 
trouble-free operation in a temperature 
range of from —65°F to +212°F. 


Series DT Double-Pole 
Double-Throw Switches 

These switches simultaneously make and 
break two independent circuits. The 
double-pole double-throw switches are 
rated for 10 amps. 125 or 250 v ac; % 
amp. 125 v dc; 4% amp. 250 v de. Tem- 
perature rise limits maximum continuous 
current to 10 amperes per pole. 









Over 200 MICRO SWITCH 


oe 





Precision Switches help 
make Lockheed’s C-130 
Hercules a superb 
military plane 


MICRO SWITCH Engineering Service cooperated with Lockheed 
engineers of the Georgia Division, Marietta, Ga., for five years 
in the designing, planning and manufacturing of this plane— 
the first propjet transport accepted by the U. S. Air Force. 


Over 200 precision switches at strategic points perform impor- 
tant functions in the operation of this superb aircraft. Other 
MICRO SWITCH precision switches are employed in components 
for this plane supplied by other manufacturers. Still others 
provide important controls for the machine tools used in the 
building of the C-130 itself. 


Whatever your design—be it aircraft, machine tools, or any 
type of industrial equipment— MICRO SWITCH components and 
MICRO SWITCH Engineering Service may help you make a good 
design even better. 


MICRO SWITCH reputation for reliability, precision and _ per- 
formance is written in the success of such products as the 
Lockheed Hercules and thousands of fine industrial products. 
MICRO SWITCH Engineering Service is as close as your tele- 
phone. Why not call the nearest branch office today? 
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Switches have uses unlimited |H| 








Here’s a tough switch 
to take the roughest going 


































The MICRO SWITCH sealed Type EN switch ¢@ Precise performance after 100 hours in 
was designed to meet tough aircraft prob- salt brine spray. 

lems. Its many unusual features are now 
meeting many exacting industrial design 
requirements. 


e Precise performance after hours of im- 
mersion under 36 in. head of alternating 
iced and heated water. 


How good is this switch? Check your re-  » Precise performance unaffected by 30 
quirements against tests like these: days’ operation at 104°F and 95% 


e Precise performance at minus 65°F or humidity. 


heated to plus 180°F. (Operating force e¢ No chattering of contacts—or loosening 
to 20 lbs. available to facilitate ice of parts—during vibration tests of 10 to 
breaking.) 500 cycles per second. 


(Send for Catalog No. 77) 





Hermetically sealed basic switch 
insures constant performance 


This small micro switcH a roller-lever actuator suitable for actuation by cams, 
Type Hs precision switch _ slides or other mechanical means. 


is truly hermetically Characteristics of Switch Shown 
sealed (glass to metal Operating force—10 to 22 oz.; Release force—4 oz. 
and metal to metal) to min; Overtravel—.010 min.; Differential travel— 


: a insure constant operat- 990 in. max.; Weight—1.5 oz. 
ing characteristics under any environmental condi- : ae : : 
tions—for example, no condensation problem. ” Electrical Characteristics—28 volts dc—inductive 10 


amperes; resistive 25 amperes; 125 volts ac—induc- 
The switch shown has a lever type actuator for inline tive 1 ampere; resistive 1 ampere. (Send for Catalog 
motion operation. The switch is also available with No. 77) 


Sealed— Reliable—Versatile— 
Give millions of operations 


The MICRO SWITCH Type LS is a small adjustable through 360°. It may operate 
two-circuit switch which meets a wide _ in either direction, or one direction only. 
variety of industrial design require- The electrical rating is: 10 amperes 120, 
ments. It is extremely reliable, ruggedly 249 or 480 volts ac: 4 H.P. 120 volts 
housed and can be mounted in almost ac; 1 H.P. 240 volts ac; .8 ampere 115 
any location. Actuator head may be re-  yolts dc: .4 ampere 230 volts dc; .1 
moved in the field and rotated to permit ampere 550 volts dc. Pilot duty rating 
actuation from any of the four quad- is 600 volts ac maximum. 

rants. The roller-arm actuator is field (Complete information in Catalog 83) 


MICRO SWITCH, a Division of Honeywell, M i C Rr c S N i T C H 
pioneered the manufacture and development 
of precision snap-action switches A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY H 
In Canada, Leaside, Toronto 17, Onterio + FREEPORT, ILLINOIS 
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New Sylvania package offers 


Maximum Dissipation 


in Miniature 


i og 
Cooler operation resulting from 
higher dissipation of Sylvania glass- 
to-metal miniature diode permits 
closer printed board spacing for 


; oe Actual comparison of Sylvania miniature diodes 
maximum savings in space. - Sere ; 

with all-glass miniatures shows that the Sylvania 
metal-to-glass package design results in greater dis- 
sipation. As a result, cooler operation can extend 
diode life and improve product dependability and 
performance. Diodes can be banked closer on printed 
circuit boards for maximum space savings. 


Metal-to-glass package offers other important ad- 

vantages. The diode cartridge is assembled before 

Right angle bending of leads for installation of the whisker and die—avoiding ex- 
printed board insertion does not : h ° I dditi belie be thanuii f 
edict the Glade badly slane anstad-t0- cessive heating. In addition, right angle bending o 
glass design avoids chipping or the leads for printed board insertion does not result 


cracking. in chipping or cracking of the diode body. 


Sylvania offers a complete line of miniature diodes 
in the glass-to-metal package. The package meets 
the standard RETMA outline of .105” maximum 
diameter and .265” maximum overall length. Write 
for complete details. 


FORWARD HEATING POWER IN MILLIWATTS 


JUNCTION TEMPERATURE RISE T*C 


Typical dissipation curve of the 
Sylvania glass-to-metal diode. 


SyLvania E.ectric Propucts Inc. 
1740 Broadway, New York 19, N. Y. 
In Canada: Sylvania Electric (Canada) Ltd. 
Shell Tower Bldg., Montreal 


LIGHTING * RADIO + TELEVISION ELECTRONICS + ATOMIC ENERGY 


t 
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Minimum 
Forward Current 
at 1 volt 


1N127 


(5 ma @ 75° 


4ma 
Cc) 
50 ma 


6a 
ra 
IN635 


Note 1: For type 1N191 at 55°C the 
reverse resistance will be 400 ohms or 
greater between —10 and —50 volts 
when swept from 0 to —70 volts at o 
60 cycle rote. 

The reverse recovery time will not ex- 
ceed 0.5 usec ot 700 va or 3.5 usec at 
87.5 va of current when rapidly switched 
{at a 60 cycle rate) from +30 ma for- 


ELECTRICAL CHARACTERISTICS OF SYLVANIA MINIATURE DIODES AT 25°C 


50 va @ —50 volts 
5uea @—5 volts 


750 ve @ —50 volts 


100 ua @ —50v 


8ua@-5 v 


850 va @ —50 v 


50 ua @ —10v 


300 va @ —50 v 


25 va @ —10v 


10 va @ —10v 


50 va @ —S50v 
(Note 2) 
10 va @ —10v 


45 ua @ —45 v 


100 ve @ —100 v 


Minimum 
Peak Inverse Voltage 
(0 dynamic impedance) 


Maximum 
Forward Voltage 


Maximum 
Reverse Recovery 
@ 0.3 u sec 
(Note 3) 








175 va @ —150v 


ward current to —35 volts. 


Note 2: For type IN198 ot 75° C the 
moximum reverse current at —50 volts is 
250 vo and at —10 volts is 75 vo. 


Note 3: 0) Forward current exposure = 
5 ma. b) Reverse test voltage = 40 +2 
volts. c) DC circuit resistance = 2000 
ohms. 


Note 4: Peck measurement with half 
sine wave of 50 ma peak current, 0.1 
usec pulse width, and 100 ke pulse rep- 
etition frequency. 

Note 5: Minimum resistance in thou- 
sands of ohms when E/! characteristic 
is swept at 60 cycles from 0 to —70 volts 
and resistance slope observed between 
—10 and —60 volts. 


sands of ohms when E/! characteristic 


tween —20 and —90 volts. 


Note 7: Additional control 
ments are made for reverse current hys- 
teresis, reverse current drift, and flutter. 


“Sylvania—synonymous with &) Semiconductors” 


READER INQUIRY SERVICE CARDS, 


PRECEDING BACK COVER 





new synchro 


e 250 hour life at 400°F. 


e Unprecedented —65°F to +400°F operating 
temperature range. 


e Unique lubrication method. 


e Special alloy for electrical connections. 


Type 11-4133-01 is a size 11 torque transmitter syn- 
chro with 115V 400 cycle input. Accuracy is +15’, null 
voltage 175 mv, stator output 90 volts and phase shift 
6.5°. Impedances are 2p 9=315+J1590, A2gg=290 
+J773 and ZRgg=520+ J286. 


This is another Oster “first.” Write for further in- 
formation today. 


Engineers for Advanced Projects: 

Interesting, varied work on designing 

transistor circuils and servo mechanisms. Contact 
Mr. Zelazo, Director of Research, in confidence. 


oft 


MANUFACTURING CO. 
Your Rotating Equipment Specialist 


Avionic Division 
Racine, Wisconsin 


Other products include actuators, servos, AC drive motors, servo 
mechanism assemblies, DC motors, motor-gear-trains, fast re- 
sponse resolvers, servo torque units, reference and tachometer 
generators and motor driven blower and fan assemblies. 
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¢ REASONS 


WHY WESTINGHOUSE BONDITE VARNISH IS SUPERIOR 
TO ALL OTHER CONVENTIONAL TYPES... 


for all Class “A” and “B” Applications 


. BONDITE is saturated throughout with silicone, up- 


grading the excellent properties of the other resins 
in the varnish. 


. BONDITE not only repels surface-moisture — its 
resistance is effective throughout the cured mass! 


. BONDITE retains its high dielectric strength at high 
temperatures in continuous service. 


. BONDITE meets MIL-V-1137 A specification, Type 
M, Grade CB. 


. BONDITE is fully thermosetting, providing excellent 
through cure. 


. BONDITE uses Jow toxicity naphtha as the thinner. 


you Can Be SURE...1F ITS 


nc 
~S SOS 


Westinghouse cd: 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


7. BONDITE offers superior oil resistance for dry type 
and oil immersed transformers. 


. BONDITE ASTM Flex Life or Heat Endurance, is 
nearly double the life of most conventional varnishes. 


. BONDITE is a product of Westinghouse Research — 
with an outstanding record of proven performance. 


. BONDITE has flexibility in application... it’s 
available in consistencies for either dipping or 
impregnation. 


WESTINGHOUSE ELECTRIC CORPORATION 
Benolite Plant ° Manor, Pennsylvania 


Please send me your Complete Line Catalog on 
Westinghouse Benolite varnishes, enamels, finishes 
and varnished insulations. (B-7206) EM 5-57 

Name 

Title 

Company 

Address 

City 





































































NEW DEPENDABILITY —No adjustments are 
necessary to maintain constant torque for the life of the 
POWER-SAFE brake. There’s no ‘‘fade”’ as engagement sur- 
faces wear. There are no springs to fatigue or change pressure 
when other parts start to wear. You have reserve braking 
power at all times to guard against electrical failure. 


IT’S A FAIL-SAFE BRAKE! 
iT’S A NEW TYPE OF POWER BRAKE!...IT’S 


2 =— roe inl 


for the overhead jobs! 


Re Ate a 





——/ Se 
it + ee a 


SS Ws 


ot 
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NEW VERSATILITY-—It’s designed for 
use as a power brake or a fail-safe brake on overhead 
cranes, shears, and similar applications. Has all the 
speed, high torque, and controllability of other 
Warner electric brakes . . . plus full-time reserve brak- 
ing power supplied by permanent magnets. 

Fail-safe feature consists of powerful permanent 
magnets, which keep the replaceable facing and arma- 
ture positively engaged except when the field is en- 
ergized. Energizing the field diverts the permanent 
magnet flux through an auxiliary circuit. Then, the 
brake releases and will stay released until the field 
is de-energized. 

For power braking, you reverse the current in the 
coil so the flux concentrates in a path through the ar- 
mature, replaceable face, and field coil, supplementing 
the flux of the permanent magnets. It’s that simple! 


NEW ADJUSTABILITY— Unlike most 
“off-on” brakes, the torque build-up in Warner’s new 
POWER-SAFE brakes can be electrically adjusted 
over most of its range. Torque is smooth-acting. 
There’s no shock when the permanent magnets actu- 
ate the fail-safe brake. 


NEW SIMPLICIT Y—There are only three 
main parts: stationary field, replaceable face, and 
armature. There are no moving parts in the fail-safe 
mechanism ...no springs to wear out and be re- 
placed . . . no friction or wear on the field or perma- 
nent magnets. Brake is self-adjusting for wear. There 
are no bands, links, cams, or adjusting screws to 
worry about. 


NEW DESIGNABILITY—The Warner 
POWER-SAFE brake gives you big power in a small 
package. It’s easy to mount, with either inside bolt 
circle or outside mounting flange. Very little axial 
space is required. With a special adapter, it can be 
mounted onto any NEMA “C’” flange as a motor 
brake. Used in combination with a clutch, you get 
fast stop-start control. Four sizes now available . 

with “power” torque ratings from 125 to 650 Ib fe, 
and fail-safe ratings from 33 to 205 lb ft. 





Can be mounted 
in combination with a 
clutch in small space! 


Permanent magnets 
give you full-time reserve 
braking power! 


Beat competition with 


ELECTRIC BRAKES 
AND CLUTCHES 


Absolutely no 
moving parts in 
fail-safe feature! 


See it in 
Booth No. 1636 at the Design 
Engineering Show 


SEND for your copies of this free new booklet! ; 


r 
f 
§ 
} 
t 
: 
} 
i 
u 
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Industrial Division, Dept. EM 
Warner Electric Brake & Clutch Co. 
Beloit, Wisconsin 


(C] Please send bulletin describing POWER-SAFE electric brakes. 


(CL) Please have representative call. 
Name. 
Company 


Address 


ce 





... makes camera parts light-tight 
and interchangeable 


PORES NS a 


... cuts finishing of power tools 
to one buffing operation 


.. concentrates weight where 
needed in floor waxer 


eae APIO RE TI TRC RE 


Wh a te 


...combines motor and compressor 
into one-piece housing 


TEE eterna ee hr 
SOS a, eee 


... makes “‘Honeycomb” printing base 
in only way it could be done 


A ..- Closely matches section thicknesses to 
strength requirements of appliances 


<e 


Sib Fi Ba Sa ett Bien coes BOM 


A dozen blue-chip products 
Doehler-Jarvis die- 


Each of these twelve products is 
outstanding in design. 


One is extra light. Another is 
unique for precision. A third is 
remarkable for space economy. 
Each has a key feature that helps 
make it a success. 


All these patterns of success are variations on a 
single theme . . . the skillful use of Doehler-Jarvis die 
castings to achieve design objectives. 


70 


In each case, the manufacturer brought Doehler- 
Jarvis into the design picture at an early stage. Cus- 
tomer and D-J engineers worked out the specifics ... 
the basic contours, the section, the coring, the ribbing, 
the ejection lugs, machining base points, finish ... all 
the fine points. 


Design results have been enviable. And frequently 
there have been important side benefits... metal saved, 
machining and assembly operations by-passed, finish- 
ing steps reduced, rejects prevented. 
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.»» packs 5 horsepower into chain ... develops new standards for 3-dimensionaf 
saw weighing only 19 pounds precision in sewing machine assemblies 
= — 5 “ psa te rs cere a 


Supa NAT RNa Bo cna ses 26 ee ee! 


...Teplaces six typewriter ' ... makes one unit of space do the work of 
frame castings with one six in telephone terminal equipment 


e >it apie a narra gg aR 


... designs mower housing for ~ ... eliminates nearly all machining 
built-in assembly savings e in 99 pinspotter parts 


n-ne ama: ey IRE . * RETESET SE EEE, 


Si ala A ita cS S clas eh oe ee pe Ati etch as * Hits 


illustrate a dozen ways 
castings improve product design 


Take your cue from the makers of 


these successful products Doehler= Jarvis 


If you’re looking for ways to improve your product, DIVISION OF NATIONAL LEAD COMPANY 
lower its cost, or speed its production ...or if you’re General Offices: Toledo 1, Ohio 


developing new devices ... do what the makers of the 
D In Canada: 


products shown above did. Call in Doehler-Jarvis. e 4] 5 Barber Die Casting Co. Limited 


Hamilton, Ontario 


We'll be glad to help you evaluate the possibilities TRABE MARK 
for you in die castings. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





EVERY TYPE—EVERY USE 


Ball Bearings 


Cylindrical Roller Bearings 
® Spherical Roller Bearings 
\ Tapered Roller Bearings (“Tyson ) 


7762 ee | mes a ee ee Ss ee erin none 


*Reg. U.S. Pat. Off. Tyson Bearing Corporation 


(he. Host Siler rolling Corvtact bearing in the. worl of Today 
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Two at a time... 


Wastebaskets molded for higher production . . . lower cost 


A major manufacturer of metal housewares 
decided to broaden his line by adding plastic 
wastebaskets. His first step was to call in a 
Nosco sales-engineer . . . logical, because 
Nosco men are qualified plastic-parts tech- 
nicians who know exactly how to put Nosco 
engineering and production facilities to work. 
The Nosco plant thus becomes the cus- 


tomer’s own plastic molding department! 


For the 8-quart basket, Nosco engineered 
the deepest two-cavity mold ever built. This hot- 
runner mold, which virtually eliminates all 


scrap, weighs more than a ton and is run 
in one of Nosco’s large pre-plasticized presses. 


The two larger size wastebaskets, pictured 
above, are now molded one at a time, but 
when production warrants, these parts can 
also be molded in two-cavity dies. 


Nosco “Can Do” enabled this manufacturer 
to successfully produce deep-drawn parts 
at lower cost. \‘/hy not let one of our sales 
engineers put Nosco “Can Do” to work in 


designing your next plastic part? Please write. 


<= 


clean the Nosco plant and facilities, send for the free 
none 12-page brochure, “How the Nosco Plant Works 
to Produce Your Needs in Practical Plastics.” 


For other case histories—and for a glimpse of 


NOSCO plastics, inc. « erie 4, pa. 


World’s largest injection molding plant 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





DESIGN SOLUTIONS with 6- 


NOW SPECIAL G-E ALTERNATOR MAKES 
TRUCK REFRIGERATION ALL-ELECTRIC 


BUILT TO WITHSTAND HEAT, ROAD SHOCK, MO/STURE. (, Fe 


TO PROVIDE MILK AND OTHER TYPES OF DELIVERY 
TRUCKS WITH STAND-BY COOLING, MORE ROOM FOR 
PAYLOAD, DRY COLD, AND MANY OTHER BENEFITS, G.E. HAS oN 
DESIGNED A SET OF ELECTRICAL COMPONENTS THAT NOW MAKE” ; 
PossiBLeE NEW ALL-ELECTRIC TRUCK REFRIGERATION. 
THE STURDY AND WEATHER-—RESISTANT G-E ALTERNATOR 
IS DESIGNED TO BE MOUNTED ON THE ENGINE BLOCK 
WHERE IT MUST WITHSTAND CONTINUOUS VIBRATION, 
ROAD SHOCK, DUST, HEAT FROM THE ENGINE. 
SPECIAL ELECTRICAL CHARACTERISTICS OF THE 
ALTERNATOR INCLUDE WIDE RANGE OF 
OPERATING SPEEDS — FROM 1500 TO 10,500 R.RA. ' 
A SELENIUM RECTIFIER, VOLTAGE 
REGULATOR, COMPRESSOR DRIVE MOTOR, 
EVAPORATOR FAN MOTOR=— OPERATE WITH THE 
ALTERNATOR TO MAKE UP POWER SUPPLY 
FOR THIS NEW METHOD OF 
TRUCK REFRIGERATION. 


NEW DEVICE CHECKS ON BAD CHECKS if 
POWERED BY EXCLUSIVE LOW - SPEED 
6-E A-C MOTOR 


G-E SYNCHRONOUS INDUCTOR 75 R.P.M. 
MOTOR—EQUIPPED WITH SPECIAL OPEN—-SPUR 
GEARING BY CUSTOMER — CAN OPERATE UNDER 
10 R.P.M. PERMITS INSTANT STOPS AND 
STARTS ON AUTOMATIC BAD CHECK DETECTOR 
DEVICE. THE MOTOR OPERATES A CAMERA 
DRIVE — TRIPS THE SHUTTER AND WINDS 
FILM. MACHINE RECORDS ON A SINGLE 
35 MM FRAME OF FILM A PHOTOGRAPHIC LIKENESS 
OF EACH CHECK AND OF THE PERSON WHO WROTE IT. 





Specialty motors 


“LOCOMOTIVE 70 YARD) a 
RAILROADS NOW DEPEND ON ; 
TELEPHONE COMMUNICATIONS POWEREDR 
BY G-E MOTOR ALTERNATOR 


G-E MOTOR ALTERNATOR SETS FOR RAILWAY 
COMMUNICATIONS MUST DELIVER EXTRA— 

RELIABLE PERFORMANCE, AND AT THE SAME 
TIME STAND UP AGAINST THE ABUSE OF 

RAILROAD VIBRATIONS, AND ALL-WEATHER 
CONDITIONS. THE SPECIALLY-DESIGNED ALTER- 

NATOR, ENCASED IN A RUGGED HOUSING, NOW 
PERMITS INSTANT CONTACT BETWEEN YARD 

AND TRAIN, OR BETWEEN LOCOMOTIVE AND 
CABOOSE. BOTH OPEN, AND EXTRA-STURDY 
TOTALLY—-ENCLOSED SETS ARE AVAILABLE. EITHER S 

SUPPLIES II5-VOLT, 60 CYCLE CURRENT TO RADIO- | 
TELEPHONE EQUIPMENT, PROVIDING SUITABLE 4 
POWER FOR A SINGLE RECEIVER, AND ONE !10O-TO 
SO-WATT TRANSMITTER. A SPECIAL FEATURE, A 

BUILT-IN THERMAL OVERLOAD DEVICE, 
PROTECTS AGAINST EXTERNAL LINE FAILURES. 


AVAILABLE: COMPLETE FHP MOTOR ENGINEERING ASSISTANCE FOR you! 


HERES THE SPECIAL ATTENTION YOUR SMALL MOTOR PROBLEMS GET AT G.E. 


YOUR LOCALG-E APPARATUS HE CALLS A TEAM OF AT THEIR DISPOSAL ARE IN SHORT ORDER 
SALES ENGINEER FACTORY ENGINEERS G.E.S COMPLETE A SAMPLE G-E MOTOR 
LEARNS ALL ABOUT WITH YEARS OF MOTOR DEVELOPMENT AND IS READY FOR TESTING 

YOUR MOTOR NEEDS APPLICATION EXPERIENCE TESTING FACILITIES ON YOUR PRODUCTS 


FOR THIS COMPLETE HELP, contact your NEARBY G-E APPARATUS SALES 
OFFICE, TODAY. WRITE FOR FREE BULLETINS COVERING G-E EQUIPMENT 
DESCRIBED IN THIS AD TO GENERAL ELECTRIC CO., SECT. 654-6, SCHENECTADY 5, N.Y. 


GENERAL @@ ELECTRIC 





Smaller motors carry bigger loads 
when you insulate with 


cali” 


ELECTRICAL INSULATIONS 


\e> 


me 
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‘ \ 
. \ 
\ 7 « 
\ X _L 
\ 


Johns-Manville purified asbestos 


ff Go materials permit increased horsepower 


- 


Morors insulated with Quinterra will outper- 
form others of substantially higher rating but with 
less heat-resistant insulation. 


The above photograph shows how you can use 
Quinterra and its companion product Quwinterra- 
bord® ona standard Class H induction motor. Quin- 
terra Type 3-GR was employed for slot liners and 
coil separators. Wedges and filler strips are of Quin- 
terrabord Type 3. Both materials are made from 
highly purified asbestos fibres treated with silicone 


. -- provide higher temperature resistance 


resin for the highest combination of dielectric 
strength and pyrolysis resistance obtainable. In 
addition, Type 3-GR is reinforced with a strength- 
ening layer of fine glass cloth. 


Johns-Manville has developed a complete line of 
Quinterra materials for application in motors, trans- 
formers and other electrical apparatus. For further 
information write for brochure EL-40A. Address 
Johns-Manville, Box 14, New York 16, N. Y. In 
Canada, Port Credit, Ontario. 


JOHNS -MANVILLE 


Johns-Manville ELECTRICAL INSULATIONS 
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EDISON MINIATURE --HI-TEMP 


servo systems ant 
components 


The Edison Instrument Division is now offering design engineers 

an extensive line of miniature and subminiature Hi-Temp 

Servos and Servo Components . . . in addition to a complete facility 
for custom designed units and servo sub-systems. 


Edison’s Size 11 Motor Damping Generator for example, was built 

to such precise tolerances that a leading systems manufacturer 

was able to make this particular unit do double duty as a tachometer 
generator. This miniature unit's fast response and large output 
signal makes it ideal for applications where weight, size and high 
performance are prime requisites. 


Precision production and rigid quality control inspection have made 
these ‘“‘customized” components possible. In addition to these 
special units, Edison also manufactures an extensive line of standard 
servo motor and servo motor-generator combinations from size 

8 - up, a quality group of synchros, and custom-engineered magnetic 
heads for flight and ground-based analog computers. 


For information about Edison precision Servos and Servo 
Components, write for Catalog No. 3044 
. your copy is reserved. 


EDISON SERVO MOTOR DAMPING GENERATOR 


TYPE OF MOTOR: faeene “TWO PHASE SERVO 
MOTOR-DAMPING 


GENERATOR 
NO LOAD SPEED (MIN. RPM) -vsssssssssesssseessssnssessnneesees 5 BOO 


STALLED TORQUE (MIN. OZ. IN.)- sorsesesesseceree GO 
POWER INPUT TO MOTOR AT STALL 
(NOM. WATTS/PHASE )everrsee- seveeceere 3.5 
SPEED AT MAX. POWER OUTPUT < ‘RPM Jrrrererreeeee JIOO 
TORQUE AT MAX. POWER OUTPUT (OZ. IN.) .31 
THEORETICAL ACCELERATION AT STALL --- 34,800 
RADIANS/SEC.? 
TIME CONSTANT eerereee-ereeeee . -.019 SEC 
POWER INPUT TO GENERATOR AT STALL 
(NOM. WATTS)>---- ~35 
OUTPUT VOLTS AT O RPM (MAX RMS) seseresncervee OVD 
OUTPUT VOLTS PER 1000 RPM (MIN. Devvesreerereeeee 5 
PHASE SHIFT (Max. ) sseereee - 10 DEGREES 
DUTY - eonssoeees ‘ : sseestersesterereeseeeeess CONTINUOUS 
AT STALL 


Thomas A. Edison 
INDUSTRIES 


INSTRUMENT DIVISION ® ROSELAND, N. J 


WRITE FOR 
SYSTEMS OF 
THE 
INSTRUMENT 
DIVISION 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





MOLDED-FIBER CASES 


Which of these Anaconda magnet wire 


Packaging not only protects your magnet wire purchase; 
the right package can help you cut down time and waste 
on your machines, boost production. Here’s how. 


For years package design, development and improve- 
ment have had top priority at Anaconda. Anaconda 
was among the first to develop exact specifications for 
reels ... first with a larger amount of wire in drums. 
Today, Anaconda offers you magnet wire in a wide 
variety of containers—each designed in its own partic- 
ular way to help increase profits in the winding room. 
PAILS AND DRUMS. 
holding up to 900 pounds of sizes 8 to 24 Awg, and 


Anaconda’s 30"-high drums 


pails holding about 100 pounds of wire, boost produc- 
tion often as much as 20%. Smooth, long, continuous 


© 


payout permits higher winding speeds and higher pro- 
duction rates. 

Larger package (and more wire in the package) 
keeps container changes to a minimum. Fewer joints 
are required . . . there’s more usable wire, less waste . . . 
. . fewer units to 
handle and store. Pails and drums are nonreturnable... 


less down time on winding machines . 


eliminate bookkeeping and paper work. 


SEE THE MAN FROM 





NONRETURNABLE REELS 


REELS 


packages can help you earn greater profit? 


MOLDED-FIBER CASES assure safe arrival of spools. 
This Anaconda-developed container won top honors 
at the 7th Annual Exposition of the Society of Indus- 
trial Packaging and Materials Handling Engineers. 
Fiber lining protects spools against even slight injur- 
ies that can conceivably impair the performance of your 
windings. Molded halves nest when empty — take 14 
the space of wooden boxes. Lighter weight speeds 
handling. Molded fiber eliminates danger of splinters, 
and convenient shape lends itself to easier handling 
with less chance of mashed fingers. 
REELS. Anaconda’s unique program of reel inspection 
enables it constantly to ship good reels. Wire arrives in 


your shop in better shape . . . and there’s less chance of 
damage to the wire as you use it off the reel. 
Large reels — 12”, 16” and 24” — enable users to re- 


duce reel-end scrap ... save set-up time . . . improve 
morale and efficiency of winding machine operators. 
Nonreturnable reels are also available . . 


. simplify 
handling . 


.. reduce bookkeeping and paper work. 
PALLETS. For ease of handling and storing, Anaconda 
offers pails and reels packaged on sturdy pallets. 

For personal attention on your magnet wire problem 
— packaging or whatever it may be — call the Man 
from Anaconda. Anaconda Wire & Cable Company, 
Magnet Wire Headquarters, Muskegon, Michigan. 


ANACONDA ror MAGNET WIRE 





ENGINEERING BULLETIN 


ON MICRO-BEARINGS 


Miniature Instrument Ball Bearings 


NEW HAMPOHIRE BALL BEARINGS, INC. 


PETERBOROUGH ’ 


NEW HAMPSHIRE 


Subject: FACTORS TO CONSIDER IN MINIATURE BEARING APPLICATION 


TYPES OF BEARING 


The Retainer Bearing fitted with the 
one-piece crown retainer is well suited 
for the great majority of instrument 
applications. Even ball spacing pro- 
duces good performance at low-moder- 
ate speeds, and it can also handle 
radial or thrust loads. Improved fabri- 
cating techniques result in crown re- 
tainers being specified for low-torque 
requirements. 
» Phenolic Retainers machined from 
phenolic plastic allow higher speeds 
and also provide some retention of 
lubricant. This retainer is used with 
angular contact bearings where one 
land is ground away from the inner or 
outer ring to permit bearing assembly. 
Such a design permits thrust only in 
the direction of the side 
having the full land. 
The Full Bearing has 
a full complement of 
balls. Filling notches 
are ground on one side 
of each ring to allow as- 
sembly. This type is 
steadily being replaced 
by retainer bearings 
which cost less to man- 
ufacture and assemble. 
It has an advantage for 
certain applications re- 
quiring maximum ,ra- 
dial load capacity, but 
PHENOLIC is unable to handle 
thrust loads because of possible inter- 
ference between the balls and filling 
notches. Contact between the balls 
creates friction which makes the full 
bearing unsuitable for low torque or 
high speed applications. 


MATERIALS 

Stainless Steel's anti-corrosive proper- 
ties have made it first choice for bear- 
ings used in precision instruments, and 
it has become one of the standard 
materials for this purpose. It can be 
ground and finished to a high degree 
of precision. 

Chrome Steel should only be speci- 
fied when bearings must operate at 
critical limits of capacity, a condition 
not often encountered in instruments. 
It has a somewhat higher load rating 
than stainless steel but is subject to 
rapid corrosion if not protected during 
handling and use. 

‘Beryllium Copper should be restric- 
ted to applications which definitely re- 
quire non-magnetic properties in the 
bearings. All components of the bear- 
ing are fabricated from this material. 
If non-magnetic properties are not 
required, stainless steel is a better 
selection. 


LOAD RATINGS 


A miniature bearing is seldom opera- 
ted at or near its rated load capacity. 
However, the designer must have.suffi- 
cient information to assure intelligent 
selection. The load ratings presented 
in the New Hampshire Ball Bearings, 
Inc. catalog tables are based on stand- 
ards established by the AFBMA after 
extensive studies and tests. 

Dynamic load ratings apply to bear- 
ings that are rotating. Time-consum- 
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Retainer Bearing — Flanged and Shielded 


ing calculations can be avoided by 
making use of the C factor shown in 
our catalog. 

Static load ratings apply to bearings 
at rest. Since this exists in relatively 
few cases, static load rating is not 
usually given much emphasis. Formu- 
lae have been developed, however, and 
the need for this information is in- 
creasing, — primarily for units sub- 
jected to shock loading. 


RADIAL AND AXIAL PLAY 


Radial play is the displacement of one 
ring with respect to the other along 
the diameter of the bearing. 

It is important in the successful ap- 
plication of precision bearings and 
should be specified in orders. A range 
of .0002” to .0005” is satisfactory for 
most applications but tighter or looser 

clearances may be required. 
The minimum clearance 
should be .0001” and the total 
spread from min. to max. 
should be at least .0002”. 
Axial play is the displace- 
ment of one ring with respect 


Radia! Play — Maximum distance one 
race may move diametrically with 
respect to the other without the appli- 
cation of measurable force when both 
races lie in the same plane. 


Axial Play 


Axial Play — The maximum 
relative axial movement of 
inner race with respect to the 
outer, when both races are 
coaxially centered, without 
the application of measur- 
able force. 


to the other along the bearing axis. It 
is specified only when axial positioning 
of the shaft must be held within cer- 
tain limits. Radial and axial play are 
mutually dependent factors and the 
former is the one usually specified. 


TORQUE TESTS 

Sensitive instruments require bearings 
with minimum inherent friction. 
Starting, or breakaway, torque is most 
often used to define limits. This is the 
force necessary to induce rotation 
from standstill under clearly estab- 
lished conditions of mounting and 
loading. 

Torque tests can reveal much about 


the true quality and geometry of the 
bearing. Investigations being conduc- 
ted constantly are producing valuable 
contributions to the refinement of 
instrument bearings. 


Test Bearing 


Turbine 


Shaft Air Jet 


Stand 
TORQUE TESTER 


MOUNTING PRACTICE 


An improper fit to the shaft or housing 
can cause malfunctioning and failure 
of a precision bearing. The factors 
vary so with each application that 
bearing manufacturers are reluctant 
to make definite recommendations un- 
less adequate information is furnished. 
The user cannot be sure that he has 
selected proper fits unless he has con- 
sidered the variables involved in the 
manufacture of both instruments and 
bearings. 


For selective assembly “coded bear- 
ings” can be supplied. This involves 
sorting bores and outside diameters in 
-0001” increments. It produces four 
possible groups within the quantity 
ordered but quantities in any one 
group cannot be assured. Coding 
should be specified only when definite 
advantages justify the additional cost. 


DESIGNERS HANDBOOK 
FREE TO ENGINEERS 


If you work with 
miniature _ bear- 
ings, you’ll find 
this new, 70 page 
authoritative pub- 
lication a great 
help in solving 
problems in de- 
signing instru- 
ments or small 
electro - mechani- 
cal assemblies. 


Free to engineers, draftsmen and 
purchasing agents. 


Write New Hampshire Ball Bearings, 
Inc., Peterborough 1, N.H. 
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ENGINEERING DATA 
Size 4 A.C. Contactor Ratings* 


Across-the-Line 
-St 


*The ratings listed are those recommended by the National Electrical 
Manufacturers Association. 
**These ratings apply to open or enclosed contactors. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


NEW 
150-amp 
solenoid 


* contactor 


extends 
proven line 


This new Size 4 A.C. solenoid contactor is ideal 
for use in motor starters and controllers for main 
line, accelerating and reversing purposes and 
for resistance heating and lamp loads as well. 

It’s the new Bulletin 4454—incorporating 
many advanced design features found on Ward 
Leonard’s Sizes 0 to 3 contactors. Check these 
outstanding features : 

New sintered-silver-cadmium-oxide contacts 
—can repeatedly handle high inrush currents 
without a sign of contact welding, excessive 
pitting or other damage. 

Simple, compact solenoid design—excellent 
for modern metal control panels using acces- 
sible front-of-board wiring, particularly useful 
where panel space is limited. 

Available with two or three main poles and 
up to 4 side-mounted auxiliaries. Also with pro- 
vision for mechanical interlocking and addition 
of overload relays. 

Completely described in Bulletin 4454. Write 
for your copy today. The Ward Leonard Elec- 
tric Co., 34 South Street, Mount Vernon, New 
York. (In Canada: Ward Leonard of Canada 
Ltd., Toronto. ) 7.6 


LIVE BETTER...E/ectrically ©. 





RELAX!... 


let American 


Most product designers love their jobs. They like 
to blend their backgrounds of mathematics and 
mechanics and other specialties to solve a compli- 
cated design problem. 

It’s the detail work that causes exasperation. 
Like designing springs. 

Naturally, the designer must set down the con- 





when you have a spring problem 


Steel & Wire worry for you 


ditions of use. He knows how much stiffness he 
wants, what fastening system is desirable, the 
limits of spring travel, corrosion conditions and the 
like. Now, the plot thickens. Can such a spring be 
produced, in quantity, at a reasonable price? 

It is a rare designer who has concerned himself 
with these practical spring production problems. 


For this reason, American Steel & Wire maintains 
a staff of spring engineers to relieve you of this de- 
tail. They may be able to suggest a minor design 
change, or a different grade of steel, or a different 
finish that will give you a better spring than you 
contemplated at a decided savings in cost. 

Just call your AS&W salesman. 


AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS - TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS AMERICAN QUALITY SPRINGS 


UNITED STATES STEEL 





CLEVELAND SPECIAL HEADED AND THREADED 


PRODUCTS 


This Cleveland special % x 3% in. low-carbon-steel stud is used in 
quantity by a large manufacturer of electrical equipment as part 
of the tap changer indicator assembly on distribution transformers. 


Cost of special collar stud is cut 20% 
by Cleveland’s cold forming techniques 


The famous Kaufman Double Ex- 
trusion Process which turns out 
millions of Cleveland precision cap 
screws yearly is highly adaptable 
to low-cost production of your fast- 
ener-type specials. 

The tap changer stud pictured 
above is typical. Used by a well- 
known electrical equipment manu- 
facturer, it was previously cut from 


, ‘ , 


Black area represents metal that had to 
be cut away when stud was produced by 
machining. In the Cleveland cold form- 
ing process almost all the metal in the 
working slug is present in the finished 
part. The customer saves the difference. 


84 


bar stock. The special head, double 
shoulders, and groove above the 
threads meant numerous machin- 
ing operations and considerable 
scrap. 

Cleveland now cold forms this 
special stud at 20% less cost to the 
customer, while holding the spec- 
ified .005 in. tolerance. And the 
part is stronger. In the head, threads 
and fillets, grain flow is symmetri- 
cal and unbroken. In addition, the 
forging action of the Kaufman proc- 
ess toughens surface metal while 


leaving the core ductile. Both fa- 
tigue resistance and tensile strength 
are thus increased. 

We are regularly cold forming 
close-tolerance specials—many with 
unusual or extreme upsets—in large 
quantities. So whether your part is 
simple or complex, it will pay you 
to check with Cleveland, particu- 
larly at the design stage. There is 
an excellent chance that through 
cold forming we can cut the cost 
and improve the physical proper- 
ties of the part you have in mind. 


Write for a copy of our folder “Specials by Specialists” 


THE CLEVELAND CAP SCREW COMPANY 


4444-11 Lee Road, Cleveland 28, Ohio 
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10 Amp Relay 


30g to 2000cps - 60 Amp Overload 


Here are the facts: 
Type CH-12D 
Contact Rating: 10 amperes resistive 
at 30 volts d-c and 115 volts, 400 cps 
Overload—60 amperes 


Contact Arrangement: 4 PDT 


Coil: 26.5 volts d-c, 170 ohms 
(other resistances are available) 


Temperature: —65°C to +125°C 
Vibration: 30 g to 2000 cps 
Operating Shock: 100 g. 
Weight: 5 oz. 


Military Specifications: 
Meets test conditions of — 


Mil-R-5757B + Mil-R-G1O6A ¢ Mil-R-25018 


Actual 
Size 


For more information, write for Bulletin CH 


ALTERNATE MOUNTINGS ARE AVAILABLE. ad 
Tel MI ael LV TCSe Tae elt iste) i tele 6-32 NC-2A THD. 


3 STUDS FOR MOUNTING 


ALLIED CONTROL COMPANY, INC., 2 EAST END AVENUE, NEW YORK 21, N. Y. 





How many of these properties 


Split-proof, chip-proof croquet balls and other molded 
products as well as board are produced from wood 
particles bonded with Durez resins 


all readily 


Cements and mortars based on Durez resins 


. 
serve for bonding acid-proof brick in tanks, vats, and a .' 7 ailable 
floors of industrial plants 


1T) 


As the bonding agent in brake materials, the resin 
improves general wearing qualities and coefficient of 
friction. Linings acquire resistance to heat, water, 
oil, and grease from the resin 


Vulcanization of nitrile rubbers and substantial gains 
in end-use qualities result from compatibility of Durez 
resins with the rubber. Resins serve also to plasticize and 
increase hardness and wear resistance in GRS stocks. 
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could benefit your 
PRODUCT or PROCESS 


In radio and TV components Durez resins serve as 
thermosetting binders, insuring uniform resistance under 
extremes in humidity and heat 


Foundries produce castings in shell molds of sand 
bonded with Durez resin having a hot strength sufficient to 
withstand the heat of the metal during solidification 


DUREZ PHENOLIC RESINS 


FOR DESIGNERS AND ENGINEERS seeking a bonding, impregnating, or 
coating agent with the ability to impart important end-product characteristics, Durez 
phenolic resins have many interesting possibilities. 

THESE SAMPLES ILLUSTRATE some of the widely varied roles they are 

now playing in industry. The mechanical strength of these resins and their hardness 
when cured are combined with remarkable properties of resistance to 


chemical reaction and to heat. Dielectric strength and power factor qualify 
them for numerous electrical applications. 


THE MOST DESIRABLE type and form of Durez resin for any purpose is 
determined by the processes w hich will be used, and the available conditions of 
temperature and pressure in addition to the end-product properties required. 


OUR COMPREHENSIVE BOOKLET on the performance of phenolic 
resins in industry has recently been published in a new edition. For a free copy, 
please write on your letterhead for ““Durez Industrial Resins.’ 


Plastics and Resins that Fit the Job 


DUREZ PLASTICS DIVISION bua 


CHEMICALS 
HOOKER ELECTROCHEMICAL COMPANY ts anata 


1305 WALCK ROAD, NORTH TONAWANDA, N. Y. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





Data-Readout Counter 


Provides 100,000 
Distinct Circuit Arrangements 


APPLICATIONS 


Remote Indication 
Remote Printing or Logging 
Common Language Transmission 
Telemetering 
Remote or Direct Card 

or Tape Punching 
Production and Process Control 


FUNCTIONS 


Analog to Digital Conversion 
Serial or Parallel Circuit 
Transmission 

Continuous or On Demand 
Electrical Readout 
Continuous Visual Readout 
Visual and Electrical Data 
Storage 

Predetermining 

Repeat Predetermining 
Sequential Programming 


a 


Electrically actuated data readout counter with electric reset. 
Form B-1538 for 110V AC/DC. 


Veeder-Root’s new series of Data Readout Counters combines 
visual indication with electrical readout for remote indication, 
recording, and controlling applications. Electrically or mechanically 
driven and provided with manual or electric reset, these counters 
present a positive display of accumulated totals and automatically 
create specific control circuit contact closures for each number 
visually displayed. Each instrument, with its five figure capacity, 
provides 100,000 distinct circuit arrangements which lend themselves 
to the most exacting control and transmission requirements. The 
counters are compatible with standard data processing equipment 
and offer a wide variety of applications in the industrial control and 
data processing fields. 


Veeder-Root Inc. 


"THE NAME THAT COUNTS” 


Hartford, Conn. * Greenville, S. C. 
San Francisco + 


* Chicago * New York «* Los Angeles 


Montreal * Offices and Agents in Principal Cities 
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...pack higher wattage 
into less space with 


MINIATURE 


OH MITE 


THIN-TYPE 





ACTUAL SIZE 





power resistors 


The new Ohmite miniature thin-type power resis- 
tors are now available in three wattage sizes in a 
wide range of resistance values; two wattage sizes are 
available from stock; also three wattage sizes avail- 
able from stock in the standard thin-type resistor . . . 
see (*) table below. 































Designed especially for use in modern electronic 
circuitry where space is at a premium, these new 
miniature units have all the timeproven superiority 
of standard Ohmite vitreous-enameled resistors. 
They are only 4” thick and 34” wide, and range in 
length from 34” to 2”. 
















VITREOUS-ENAMELED~ 
COVERING holds winding 
rigidly in place... protects 
winding from damage. 


UNIFORM WINDING 
prevents “hot spots” and re- 
sultant failures. 


STRONG, CERAMIC CORE 
provides a solid base for 
winding. Core unaffected by 
cold, heat, or high humidity. 


INTEGRAL MOUNTING 
BRACKETS distribute heat 
more evenly throughout resis- 
tor and conduct heat away. 


Because of their compact design, the new Ohmite 
miniature thin-type resistors pack higher wattage 
into less space. The stacking bracket allows mount- 
ing close to the surface and a hollow stud provides 
for convenient stacking of two or more units. The 
miniature thin-type rises only 11/32” above the 
mounting surface; stack mounted, four units are less 
than 144” in height. Shown in photograph are: 
1 Standard Thin-Type Resistors with Unit Brackets; 
2 Standard Thin-Type Resistor with Stacking 
Brackets; 3 Miniature Thin-Type Resistors. 



































Write on company letterhead for Bulletin 138-B. 





MINIATURE THIN- 
TYPE RESISTORS 








Watt Length Width of 

Rating of Core Core 

*w y,” %” 
15 e- % 

* 20 ; 


INTERMEDIATE THIN- 
TYPE RESISTORS 


20 YY 13/16” 
30 1%” 13/16” 









DIVIDOHM 






STANDARD THIN- 
TYPE RESISTORS 










INTERMEDIATE 


















*% 30 14%,” 1” 

* 40 ” a be: me wane 

* 35 3,” 1” ee 
65 4¥,” 1” : 3 standard sizes: 4 3 ee 
75 6” f° 30, 40, and 55 watts as 


6 


WATTAGE RATINGS ARE BASED ON THE RESISTOR MOUNTED ON A HORI- 
ZONTAL STEEL PANEL .040” THICK BY 10” SQUARE. RATINGS SHOULD BE 


REDUCED APPROXIMATELY 15% FOR NONMETALLIC MOUNTING SURFACE. (®) t+— \\ | | L ® 
BE RIGHT WITH 


RHEOSTATS ¢ RESISTORS « RELAYS « TAP SWITCHES « TANTALUM CAPACITORS 
OHMITE MANUFACTURING COMPANY °¢ 3613 Howard Street, Skokie, Illinois 


onmire 


| Ohmite maintains the world’s largest stock 
= . of power-type resistance products—high- 
quality rheostats, wire-wound resistors, and 
tap switches in a factory stock of several 
million in a complete range of sizes, values, 
and types. 

onaire —= TA When you need these resistance compo- 
= ah" nents in a hurry, Ohmite can make fast 
delivery in reasonable quantities to meet 

your immediate requirements. 

Furthermore, by tailoring your specifica- 
tions to these stock items, you can always 
get speedy delivery that will help you keep 
experimental and pilot production opera- 
tions on a smooth-running schedule. 

To assist engineers and purchasing agents 
in making their selection from this huge 
stock, Ohmite Stock Catalog No. 28 con- 
tains complete, up-to-date information on 
all Ohmite stock items. Resistance values, 
ratings, specifications, and other helpful 
information are included. 


oe 


a 


ee ee Ee 


Se i Se 


SS | 
ee 
EE 


ORLD'S LARGEST STOCK 


WIRE-WOUND 
RESISTORS RHEOSTATS TAP SWITCHES 


Fixed and ‘‘Dividohm”’ Ten stock sizes—25 to Rotary type. Five sizes 
adjustable wire-wound 1000 watts. All-ceramic from 10 to100 amps, 


types, 5 to 200 watts. and: metal. with from 2—1 2 taps. 
Also composition type. 
WRITE FOR STOCK CATALOG 


OHMITE MANUFACTURING COMPANY 
3613 Howard Street, Skokie, Illinois 





Another new development using 


B. pwootrics Chemical «a» materiais 


' 


Plastic springs ! Where can you use a flexing cord? 


HIS colorful new cord has no 
metal spring inside to provide 
the coiling action. 


The “spring” comes from a spe- 
cial jacketing compound using 
Geon polyvinyl materials which is 
extruded directly on the insulated 
conductors. The cord, after forming 
on a mandrel, “sets” in a coiled 
position. Thanks to the unique 
compound based on Geon, the 
retractile properties are retained 
through countless flexings. 

This new cord, available in bright 


colors, has obvious benefits as tele- 
phone cord . . . and as power or 
control wiring on machines or 
equipment where flexing action is 
required. Or the retractile proper- 
ties of this compound may suggest 
entirely different uses. 

Geon polyvinyl materials offer 
excellent electrical properties; re- 
sistance to oil, water, and chemicals; 
superb abrasion and wear proper- 
ties. For complete information write 
Dept.GD-3,B.F.GoodrichChemical 
Company, 3135 Euclid Avenue, 


Cleveland 15, Ohio. Cable address: 
Goodchemco.InCanada:Kitchener, 
Ontario. 


B.F.Goodrich Chemical Company 
a division of the B.F.Goodrich Company 


BEGoodrich GEON polyviny! materials - HYCAR American rubber and latex + GOOD-RITE chemicals and plasticizers - HARMON colors 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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SROVED'| ACADIA 


Silicone Oven-Door Seal 


Here, finally, is a compound having the properties 
essential for an effective oven-door seal. This 
silicone material, known as COMPOUND 
85072BQ, has been laboratory tested and kitchen 
used to prevent vapor stains around oven and 
broiler doors and to reduce high surface tempera- 
tures. It is non-toxic, has good tear resistance, 
repels grease and fats, has low compression set 
and withstands oven temperatures of up to 

%& Does Away with Un- oe Keeps Her Kitchen 600° F. It can be extruded in color. Yes, here is 
sightly Vapor Stains; Cooler; a big, selling “plus” for any range. Customers 

% Reduces Surface Tem- * Cininntes Oven Door > ee Game ae e ee 5 = 
peratures of Contact Noise and Banging; 


Areas; : THEIR SELECTION. 
: % Gives Her Better Broil- = 


% Retains Heat and ing, Roasting and  & For Complete Engineering Information and Prices, Write 
Moisture In The Oven; Baking Results; - 


= ACADIA “ 
Also suitable = thee 
for clothes dryers = or PRODUCTS 


and other appliances. DIVISION OF WESTERN FELT WORKS 


4021-4139 West Ogden Avenue, Chicago 23, Illinois 
Branch Offices in Principal Cities 
MANUFACTURERS AND CUTTERS OF WOOL FELT 
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HEAT TRANSFER UNITS — ALCU- 
PLATE provides ideal fin sections at re- 
duced cost over solid copper fins. The 
copper surface permits soft soldering of 
the fins to the tubes. 


DRAWN AND FORMED PRODUCTS — 
ALCUPLATE, with its pleasing appear- 
ance, is an ideal metal for giftware and 
gourmetware. 


COMPONENT CASES — ALCUPLATE 
is successfully drawn and formed into 
lightweight cases or cans and intricate 
parts ... ideal for hermetic sealing. 


ELECTRONIC CHASSIS — ALCUPLATE 
offers the advantages of minimum weight 
plus the copper surface needed for soft 
soldering, electro-plating 
and low-resistance shield 


BUS BARS — ALCUPLATE provides 
high conductivity, light weight, solderabil- 
ity . . . is lower in cost than solid copper 
bus bars. 


ELECTRICAL TERMINALS — ALCU- 
PLATE eliminates galvanic corrosion 
which otherwise results from aluminum 
and copper junctions. 


connections. 


These products have 
something in common — 
They're all made of 
versatile, low cost 
General Plate 


ALCUPLATE 


General Plate ALCUPLATE is a clad metal 
made by bonding solid copper on one 
or both sides of aluminum. 


The copper surfaces of G. P. 

ALCUPLATE have all of the properties 

of solid wrought copper, but when 

bonded to the aluminum, there is a substantial reduc- 
tion in overall weight, with cost savings of up to 30%. 
G. P. ALCUPLATE is available in coils or cut lengths, 
in thicknesses up to %6” and widths up to 14”. Thick- 


METALS & CONTROLS 


General Plate Division 


FIELD OFFICES: NEW YORK, CHICAGO, DETROIT 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


COPPER 


ee tn, Ei 


COPPER 


hin 


ALUMINUM 


ness ratios can be supplied up to 10-90 in single clad, 
or 10-80-10 in double clad. 


G. P. ALCUPLATE is an excellent thermal and elec- 
trical conductor. It is easily formed, deep drawn, or 
spun, and it offers ideal surfaces for fine finishing. 


Write today for complete details on versatile G. P. 
ALCUPLATE — ask for Bulletin 702E. 


You Can Profit By Using General Plate Clad Metals 


CORPORATION 


1905 Forest Street, Attleboro, Mass. 


MILWAUKEE. LOS ANGELES 





In over 30 years the Leland Electric 
Company has been a leader in supply- 
ing explosion-proof motors for gaso- 
line service station pumps. 

Recently, Leland announced its de- 
velopment of its submersible explo- 
sion-proof pump motor which can 
serve from 4 to 8 pedestals. As Leland 
says, “(When a motor operates sub- 
merged in gasoline, overload protection 
is of greatest importance. Therefore, 
Leland, as always, depends on 
KLIXON Protectors.” 

Here’s how Mr. E. C. Briggs of 
Leland describes the new pump and 
the function of the KLIXON Pro- 
tectors: 

“The development of the submersible 
gasoline pump motor required that 
careful consideration be given to ade- 
quate safety precautions. The motor de- 
sign is explosion-proof and all Under- 
writers’ requirements have been met. 


METALS « CONTROLS i CORPORATION 


Spencer Thermostat Division 


LELAND 
Pump Motor 


Operates 
Submerged in Gasoline — 


Motor Protection by 


KLIXON 


PROTECTORS 


Added safety is obtained by the use of 
two KLIXON Protectors made by the 
Spencer Thermostat Company. One of 
these units is a hermetically sealed pro- 
tector embedded in the motor end frame 
to give running motor protection, as 
might be necessary in the case of a rub- 
bing impeller in the pump or a low 
gasoline level in the tank. 

“‘Another added protection feature is 
the use of a manual reset type KLIXON 
Protector located on the control box 
which would protect the motor from a 
jammed impeller or other stalled torque 
conditions.” 

You, too, can keep motors in your 
equipment operating at maximum 
safe capacity, can reduce service calls 
and repairs by specifying and using 
KLIXON Protectors. The additional 
cost is low . . . the additional benefits 
extremely worth while. 


KLix0N 


3605 Forest Street, Attleboro, Mass. 
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Engineering Content of Products is Rising 


MAY 1957 


ONE OF THE REASONS behind the current high 
demand for engineers, particularly on the de- 
sign level, is the increasingly heavier engineer- 
ing content of many products. Find out where 
the major problems lie and you will find the 
greatest need for engineers. An obvious spot 
is the field of military electronics, particularly 
in the area of servo type controls for aiming 
guns and guiding missiles. 

When the fringes of known science are be- 
ing explored, when the safety of pilots, passen- 
gers, ground personnel or just plain “people” 
are at stake, not to mention fabulously expen- 
sive equipment, design cannot be done by 
cut-and-try methods or by modifications of 
previously successful designs. Performance 
must be predicted first by calculation and 
then proved by test on major components and 
whole units. 

Environmental tests of all sorts fall in the 
general category of making sure in advance 
about performance under climatic extremes, 
as well as under conditions of shock, vibration 
and even high level noise. Prediction of per- 
formance brings in the time factor, the fourth 
dimension, and concepts of overall reliability 
of complex systems involving thousands of 
critical parts. The laws of probability are re- 
examined and statistical methods are applied 
not only to quality control in production of 
parts, but also to design of experiments to 
reveal the interplay of a host of factors in a 
systems test. 

As operating temperatures rise, degradation 
of materials and of operating characteristics 
of components occur. The degree is subject to 
engineering analysis. Problems in heat trans- 
fer are encountered. 

In industrial automatic controls, as “‘open- 


loop” limit switch stops give way to servo 
systems, whole new problems are encountered. 
They are dynamic and involve both mechani- 
cal and electrical factors, as pointed out in a 
couple of related articles in this issue of 
ELECTRICAL MANUFACTURING. The difference 


between static and running friction in machine 
tool slides, for example, can affect the overall 
accuracy of size control involving a closed- 
loop servo. Ingenious solutions are called for. 
In fact, the whole problem of automatic size 
control brings in the phenomena of random 
variations in machine output and the essence 
of quality control statistics. 


In the control systems themselves, whether 
by interconnected relay contacts or computer 
elements in the form of solid state devices, the 
circuit paths become so complex that again 
the logic of mathematics—boolean algebra 
specifically or such theories as constant flux 
linkages—are needed to predict a desired re- 
sult. Computers as such require similar analy- 


sis. 


It is because of the growing complexity of 
design problems that require analysis and 
synthesis instead of an empirical approach 
that over the years the editorial content of 
ELECTRICAL MANUFACTURING has become more 
technical. From general descriptions of design 
techniques, authors have been invited to come 
to grips with problems and solutions in spe- 
cific, mathematical terms. 

Back in 1950, for example, a series of ar- 
ticles was run on servomechanism fundamen- 
tals couched in generally descriptive terms. 
Last year the same subject was treated in 
much greater depth using some calculus to 
enable the reader to actually analyze a servo 
system for speed of response and stability. 
The series went about as far as it was felt the 
older practicing engineer could readily ab- 
sorb. Before we get into engineering analysis 
much more deeply, the Editors felt it expedi- 
ent to present a refresher course in calculus, 
particularly for the benefit of the older engi- 
neer néwly confronted with needed solutions 
to dynamic problems. Or he may have to 
evaluate calculations made by recent grad- 
uates who find this sort of thing easy. Some- 
body has to check the decimal point! 


Editor 





Inherent Gain Compensation in 


New Single-Stage 
Hydraulic Servo Valve 


The very range and versatility of available pick-off devices for converting 
physical quantities into electrical information, and their complementary 
control amplifiers and motors, invite constantly expanding closed loop 
control application. For handling sizable power a weak link has been in 
electrohydraulic servo valves because of their inherent sensitivity to line 
pressures and load. Described here is the new Beck valve in which these 
deficiencies have been remedied. also selected system applications made 


possible by these improvements. 
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CYRUS BECK 

SUPERVISORY ELECTRONIC SCIENTIST 
Navat Aik DevELopMENT CENTER 
Johnsville, Pénnsylvania 


THROUGHOUT CONTROL TECHNOLOGY an acute need has 
developed for more accurate and responsive control sys- 
tems with greater output power. This has led to a more 
general appreciation of electrohydraulic servomechanisms, 
which can accelerate large loads more rapidly than elec- 
trical control systems of comparable size and weight. 
Electrohydraulic servomechanisms find wide application 
in such diverse fields as aircraft and guided missile con- 
trol and stabilization, land radar arrays, automatic ma- 
chine tools, large ships for steering and roll stabilization, 
the process industries for regulating flow, liquid level 
and pressure. 

A typical electrohydraulic servomechanism is shown 
schematically in Fig. 1. The command transducer sup- 
plies a voltage to the summing point. This is converted 
by the servo amplifier to a differential voltage of the 
proper sense to drive the torque motor which positions 
the valve spool to expose more or less flow area to the 
source pressure. The servo valve then permits an ap- 
proximately proportional flow to the proper side of the 
hydraulic servo ram or actuator which moves the load. 
A position-sensing electrical transducer feeds back a volt- 
age to the summing point for comparison with the com- 
mand voltage. When the error signal goes to zero the 
differential voltage and force become zero and the valve 
spool centers itself, closing the flow area. Flow to the 
hydraulic servo stops and the load is at its command 
position. 

All the elements in the closed-loop system are important 
but the heart of the electrohydraulic servomechanism is 
the servo valve and its associated torque motor or sol- 
enoids. The characteristics of the servo valve play a 
dominant role in determining the stability and response 
qualities of the system. 

Conventional Servo Valve. The ordinary servo 
valve together with amplifier, torque motor and hydraulic 
servo are shown schematically in Fig. 2. In equilibrium 
the valve spool is centered by the restraining spring and 
no oil flows. When a signal is impressed on the amplifier 
the torque motor pushes the spool against the spring. 
allowing flow through the exposed ports, and the hydraulic 
servo moves at a proportional speed. 

When not employed for heavy loads the conventional 
single-stage servo valve is excellent. Unfortunately, new 
dynamic requirements such as rapid acceleration of large 
loads in a stable reliable fashion confront control sys- 
tem users today. This situation makes more apparent the 
limitations of the conventional servo valve: 


The gain or static sensitivity (flow rate/ 
spool force) is dependent on variations in 
servo load as well as on source and drain 
pressures. 


The gain of the valve is not adjustable, 
making it essentially a fixed element in the 
system. 
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The power efficiency is relatively low, maxi- 
mum power at the servo piston being de- 
veloped at %% stall load. 


Dither 
usually needed at the servo valve input to 
reduce static friction. This dither is not 
inherent in the conventional valve. 


(high frequency oscillation) is 


Silting or lodging of foreign particles in 
clearance spaces jamming the valve spool is 
relatively common and reliability is re- 
duced, although special fluid filters help. 
This silting is one aspect of the general 
sensitivity to static friction effects, of the 
conventional valve. 


Servo Valve With Inherent Compensation. The 
current trend to higher system pressures and flows because 
of higher power level requirements particularly makes the 
uncompensated valve deficient, since higher pressures 
(Bernoulli) 
valve spool. This has given impetus to the development 


increase the self-centering force on the 
of two-stage servo valves, and to the consideration of 
means of improving the conventional single-stage valve 
to at least make it suitable for wider application. The 
new simple automatically compensating valve was evolved 
by the author, and is presently produced by the Auto- 
matic Temperature Control Co. of Philadelphia, to fill 
this need. It 


valves discussed here and also possesses other advantages. 


removes all limitations of conventional 
This valve establishes a force-balance to position the 
valve spool, and then by utilizing an internal gain-devi- 
ation sensing element automatically adjusts the spool 
position to compensate for the change in valve gain 
when this varies for any reason. 

Valve Control Characteristics. In Fig. 3 are shown 
the automatic-compensating servo valve in association 
with a driving torque motor and a driven hydraulic 
servo. The distinguishing feature of the servo valve is the 
adjustable gain deviation sensor. This is essentially a 
symmetrical adjustable constriction located in one of 
the flow conduits leading to the servo cylinder. Smaller 
ducts connect either side of the gain deviation sensor to 
associated force chambers D and E formed by the outer 
spool lands and the corresponding ends of the valve 
housing. The adjustable gain deviation sensor and force 
chamber shown schematically are actually located in the 
valve block. There are no metallic springs to oppose the 
axial spool force supplied by the torque motor. The 
force to limit the torque motor and spool travel is de- 
veloped hydraulically. 

Referring to Fig. 3, a signal causes the torque motor 
to generate a proportional torque which is transmitted 
to the valve spool as an axial applied force, to the left 
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Fig. 1—Elemental servo system employing hydraulic servo valve. 


for example. Source pressure port A is uncovered and 

oil flows through the conduit containing the gain devi- 

ation sensor into the right side of the servo cylinder. 

Hydraulic. servo The servo piston, for the present unloaded, begins moving 
to the left and the oil to the left of the servo piston 

WI, IZZIE empties through port B into the oil: drain. Since oil is 
—t— Electrica! position flowing through the gain deviation sensor, a pressure 
transducer drop is developed. The high side of this pressure drop 

is connected to force chamber D, and the low side to 

force chamber E. This results in a force on the spool 

Sees opposing the torque motor. The hydraulically developed 

force limits the spool travel so as to open the port A to 

the proper flow rate. This provides a pressure drop across 

Udfllddjdd the gain deviation sensor sufficient to develop a force on 

a Signal the valve spool equal and opposite to the torque motor 
as ’ force. The servo piston then moves at a speed controlled 


Electrical by the magnitude of the error signal. 
torque 


alee The flow rate through the valve depends on the axially 
applied spool force which is proportional to the error 


Fig. 2—Operation of con- signal 
ventional single-stage servo 
Oil drain valve. 0 RK ‘ Fo 


. The flow rate is given by 


(1) 
where 
Q = flow rate 
F., = axially applied spool force 
A a constant, independent of load, source and 
drain pressures 


The constant K is a function of the area of the end faces 
of the spool and the setting of the adjustable gain de- 
viation sensor. Since the end face area is constant and 
the gain deviation sensor is adjusted to a selected 
sce an position, K is a constant. From Equation (1), it can be 
Adjustoble seen that the flow rate depends only on the applied spool 


gain- deviation force. Figure 4 shows the curve for flow rate versus 
sensor 


Hydraulic servo 


applied spool force. Since the curve is parabolic, the gain 

is not constant, being higher for small input forces and 

lower for large inputs. It is apparent that the auto-com- 

pensating valve utilizes internal negative hydraulic feed- 

back to improve its performance with respect to the other 
elements in the control loop. 

Force ®ecivieel Adjustable Valve Gain. Valve gain or static sensi- 

chamber chamber “torque tivity was defined as the ratio of flow rate through the 

— valve to the applied force positioning the spool. The hy- 

Fig. 3—Operation of auto- draulically developed spring may be made stiffer or weak- 

compensating _ single-stage er by altering the constriction at the gain deviation sensor 

Oil drain servo valve. and therefore the pressure drop, for a fixed flow rate de- 

veloped across the sensor. To maintain this flow rate a dif- 

ferent force must be applied to the valve spool to indi- 

cate a change in the gain. By a simple knob or screw- 


Feedbock 
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Applied spool force 


Fig. 4—Flow rate against applied spool force, 
conventional and auto-compensating valves. 


driver adjustment, the hydraulic spring stiffness is 
selected to provide the desired valve gain. This feature 
introduces considerable flexibility in valve applications 
and there is no metallic spring to align, deform or break. 
It is apparent that the gain adjustment may easily be 
made a function of any variable desired, either in the 
system or elsewhere. 

Automatic Gain Compensation. For a constant 
applied spool force, the flow rate will remain constant 
with changes in operating conditions. Referring to Fig. 3, 
it is evident that for a particular setting of the gain devi- 
ation sensor, with constant source and drain pressures, 
and no load on the servo piston, there will be a particular 
flow rate and servo piston speed corresponding to the 
spool force applied by the torque motor. 

Assume that a constant force toward the left is applied 
at the valve spool input. A constant flow rate results, 
pushing the servo piston at constant speed also to the 
left. While the servo piston is moving, the source pres- 
sure may fall. This causes a reduction in the flow rate 
through the valve, decreasing the pressure drop across 
the gain deviation sensor, lowering the hydraulically de- 
veloped force which is in balance with the applied spool 
force. Since the spool applied force is now greater than 
the opposing force, the spool moves further to the left, 
exposing more flow area at ports A and B. The spool 
stops moving when it arrives at an exposed flow area 
that permits the original flow rate under reduced source 
pressure. The pressure drop across the gain deviation 
sensor is again of the proper magnitude to provide a hy- 
draulically developed force equal and opposite to the 
applied spool force. Therefore the flow rate remains con- 
stant although the source pressure has been reduced. The 
valve spool is now at a new position further to the left. 
Similarly, an increase in source pressure will cause the 
spool to move to the right, closing the valve further to 
maintain the same flow rate at the higher pressure. The 
gain of the valve is clearly independent of the source 
pressure changes. 

In the same manner, variations in drain pressure and 
servo load will have no effect on the valve gain. In ad- 
dition, the servo load and source and drain pressures 
may vary separately or in any combination. This auto- 
matic compensation is limited only when the valve spool 
hits a stop or exposes maximum possible port area. 

Comparison of Valves Under Load. Assuming 
constant source and drain pressures, and a constant ap- 
plied spool force or constant differential current to the 
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Beck volve 
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Fig. 5—Flow rate against servo load, for the two valves. 


Fig. 6—Ratio of flow rates of 
the two valves, against load. 
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Fig. 7—Comparison of power developed, as_be- 
tween conventional and the auto-compensated valve. 
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torque motor, the flow 
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0.=QV/V1l—n 
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where 
Q. = flow rate through the conventional valve 
, = flow rate with no load on the servo 
n = fraction of stall load on the servo 

















For the auto-compensating valve, the flow rate Q, corres- 
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Fig. 8—Cellophane sheet edge sensing and centering system employing the automatic 1s 


ponds to the no-load rate, or 
Q =Q. (3) 
As Eq. (3) indicates, the flow rate 
is independent of load. The equation 
no longer holds, however, when the 
compensation reaches its limits. This 
occurs at the critical fraction of stall 
load n,, which is a function of the 
magnitude of the applied spool force 
and the valve port geometry. Figure 
5 shows a comparison plot of flow 
rate and servo load. The same curves 
represent the effect of deviations in 
both original source pressure and 
original drain pressure. 
For equal no-load flow-rates through 
both valves, the ratio of the flow rates 


Is 


115 volts 


60 cycles 


Accumulator 









On 1 (4) 


Q. Vv 1 -— n 


The curve for Eq. (4) is presented in 
Fig. 6. At 2 stall load the auto-com- 
pensating valve allows 1.8 times the 
flow of the conventional valve. 
Maximum Power Point De- 
fined. The selection of a servo valve 
influenced considerably by the 
power demand on the servo. Conven- 
tional servo valves yield maximum 
power at the servo piston when under 
*:; stall load and are usually rated for this condition. The 
auto-compensating valve develops maximum useful power 
at the critical fraction of stall load n, rather than at > 
stall load. 
Power developed at the piston of a servo controlled 
by a conventional servo valve is given by: 
B.=K.nV1l—n- (5) 


When the auto-compensating valve is employed, useful 
power is 


B, = Ken (6) 
where 
B. = conventional valve useful power 


B, = auto-compensating valve useful power 

K,. = tan @ in Fig. 7, a constant 

The comparison plot of the power curves for the two 
valves is shown in Fig. 7. Since power becomes propor- 
tional to the load it is apparent that the auto-compensat- 
ing valve always provides more power. The ratio of the 
power output of the two valves is 


B, f l (7) 


B, VYl-—n7n 
This curve is shown in Fig. 6. At n = 3% the auto- 
compensating valve develops 1.8 times as much power as 
the conventional valve; at n = 0.9 it develops 3.3 times 
the power. 

It is worth mentioning that the smaller the applied 
spool force, the larger will be n., the critical fraction of 
stall load. Referring to Fig. 6, this means that for small 
spool force inputs, very high power levels can be attained 
with the prevailing load. 

Static Friction Effects Minimized. The auto-com- 
pensating servo valve spool is in a condition of force 
balance at any particular position if the pressures and 
load are constant. Because of random fluctuations in the 
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Fig. 10 Synchronous motor 

Control of production grinding to di- 

mension, using closed system including 
the new automatic compensating valve. 
Probe type motion transmitter, a differ- 
ential transformer, detects workpiece — A) 
dimension. The small synchronous motor a 


adjustment 
drive and clutch positions a cam, thus 


| 
controlling the signal to the servo system | | Control 
through a second differential transformer. | “ / relay 
Through the hydraulic servo this signal l r 

retracts or advances the workpiece as 
directed. When tthe workpiece comes Probe type 
within tolerance, the “control point” set- motion tronsmitter 
ting of the differential transformer is 

reached; the probe output goes to zero, 

de-energizing the cam drive. Position is | Servo motor 

sensitive to within 0.0001 in. The cam is , 

restored to its starting point, retracts the ey 

hydraulic positioning piston, and the ma- — 

chine is ready for the next piece. 
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Hydraulic <_— 

va Grinding 
Fig. 11—Punched tape control system for auto- —_ wheel 
matic drilling for structural shapes. Auto- \ motor 
matic compensated valves are employed in the hy- 
draulic servomechanisms for the “X” and “Y” 
plane positioning of the drills on the work. This Blueprint data 
encompasses 200 in. of travel in one plane and reduced to"X" &"Y" 
110 in. in the other, with programmed selection code 
among three drill sizes. 
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source and drain pressures and servo load, the valve spool Positioning 
“ i. al : hydraulic drive 

tends to “dance” to the variations; the valve has its own 

built-in dither. Since the spool is never really at rest, 

static friction effects are minimized and there is less 

likelihood of jamming caused by silting or lodging of 

foreign particles in the clearance spaces. This character- 

istic increases valve reliability but the customary use of 

oil filters is still recommended as a safety measure. Positioning 

: . * aa : hydraulic drive 
New Valve in Typical Applications. In combina- ae 
tion with pick-ups and transducers such as the Automatic 
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Considerations 
in Testing Thermistors 


Proper measurement techniques described for 


M. L. MILLER 

Chief Engineer 

Victory ENGINEERING CORPORATION 
Union, N. J. 


thermistor acceptance and design testing include resistance, 


voltage, time delay and temperature-resistance slope. 


NUMEROUS ARTICLES HAVE APPEARED covering thermistor 
applications. However, there have been none explain- 
ing how to actually test the operating characteristics. 
Thermistors types used today in large quantities include 
beads, disks, washers, rods, wafers and flakes. Since 
wafers are modified disks and flakes are generally limited 
to radiation measurements, only the test procedures cov- 
ering disks, washers, rods and beads will be discussed 
herein. 

Four fundamental tests are usually performed on nega- 
tive temperature coefficient thermistors. They are the 
determination of: 

1. Resistance (R,) at a fixed temperature (with neg- 
ligible heating due to electrical test currents). This is 
also referred to as cold resistance. 

2. Voltage developed across the unit for a particular 
steady-state electrical current. 

3. Time required for the unit to pass a certain current 
after the application of voltage in some particular circuit. 

4. Slope of the unit’s resistance vs temperature curve 
at some particular temperature. This requirement is evalu- 
ated in terms of the unit’s material constant 8 (Beta) from 
formula describing the resistance vs temperature char- 
acteristic of the thermistor: 


where: = material constant, (deg K) 
one measurement temperature, (deg K) 

= another measurement temperature, (deg K) 
thermistor resistance at 7, 
thermistor resistance at T, 


= Naperian base, 2.713 .. . 


a ae, 7) 
Re | 7,=R ] r, ee (1) 


Temperature coefficient of resistance and ratio of re- 
sistance at two temperatures also fall in this category 
and will be discussed more fully later on. It should be 
made clear now that of the values mentioned in this 
group, i.e., slope, 8, temperature coefficient and _ ratio, 
no two are the same. 

For brevity the four aforementioned tests will be re- 
ferred to as resistance, voltage, time and slope measure- 
ments respectively. 

Resistance Measurements. The two most important 
factors contributing to resistance measurement errors are 
the temperature of the thermistor and the power being 
dissipated in it by the test equipment. The latter is of 
course basically associated with the temperature factor 
but has been separated for purposes of emphasis. 

Thermistor temperature obviously must be controlled 
closely during resistance measurement because the in- 
herent resistance change per degree (i.e. temperature 
coefficient of resistance) is usually quite high. This 
change at room temperature is around 4 per cent per 
deg C or higher. The variations of temperature coefficient 
a over a fairly wide range of temperature should be 
noted. A simple approximation is shown below 

8 
=o (2) 
where a = temperature coefficient of resistance 
where 8 = material constant 
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Fig. 1—Resistance vs time function for a typical thermistor. 
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Fig. 2—Thermistor static voltage-current characteristic. 


where 7’ = thermistor temperature, absolute 

The temperature coefficients listed in the table were com- 
puted using formula (2) to show how widely a may vary 
for a standard thermistor with 8 equal to 5000 deg K: 
Two things are apparent in the table: 1. There is a vast 
change of resistance per deg C at dry ice temperatures 
or colder. 2. At the temperature of melting lead, the abso- 
lute magnitude of the temperature coefficient is still high 
(over three times that of copper at room temperature). 

It is quite evident from the table that the precision 
of temperature control required on the thermistor under 
test increases tremendously as the temperature decreases. 
For instance, at room temperature with the sample ther- 
mistor, an error in temperature measurement of only 0.1 
deg C will mean an error of about 0.6 per cent in the 
resistance measurement. However, at the temperature of 
liquid oxygen, this same error in temperature is ten times 
as great, or 6 per cent. Perhaps a more startling way to 
make the same point would be to state that the result of 
a temperature error of only 1.6 deg at 183 C would equal 
a resistance error of 100 per cent! Since 8 is not truly a 
constant, these figures are not exact, but are shown to 
emphasize the importance of temperature control. 

The fineness of temperature control is dictated by the 
precision required. The crudest way to test a thermistor 
is simply to take an ordinary ohmmeter and measure 
the unit in air at room temperature. The temperature of 
such a unit could be estimated in most cases to within 


about 1 deg F. This, however, means an approximate 
error of over 2 per cent, but with the inherent error of 
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Current 


Fig. 3—Thermistor static voltage-current 
characteristic at three ambient temperatures. 


Current 


Fig. 4—Static voltage-current char- 
acteristic showing effect of thermal 
conductivity of surrounding medium. 


5 per cent in most ohmmeters, the sum is now + 7 
per cent. If the meter current heats the thermistor to an 
appreciable extent, the total error may easily rise to over 
10 per cent. In fact, one of the most troublesome factors 
contributing to these test errors lies in the self-heating 
effect of current passing through the thermistor from 
the test equipment. 

A factor called the dissipation constant has been set up 
for most thermistors and gives the user an approximation 
of how much power the units can dissipate in a medium 
before rising in temperature a given amount. For ex- 
ample, if a thermistor had a dissipation constant 3 of 1 
milliwatt per deg C when suspended in still air by its 
own leads, then 5 milliwatts of power would cause the 
temperature of the thermistor to rise about 5 deg C above 
the unit’s ambient. Different types of thermistors vary 
tremendously in their dissipation constants. For all prac- 
tical purposes, the following general list shows the types 
in ascending order of dissipation constant: 

1. Bead in vacuum (lowest 8) 

Bead in air 

Bead in helium 

Rod with leads 

Disk with leads 

Disk soldered on plate 

. Washer bolted on bracket 

8. Washer bolted on plate (highest 3) 

Very low dissipation constants may run as low as 0.005 
mw/deg C or less, and very high constants may run 
several watts depending on methods of cooling, such as 
liquid flow. 
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If & is known, it is easy to check whether the test 
equipment’s current is self-heating the thermistor too 
much. Assume that self-heating of 0.01 deg C or less can 
be tolerated while making a resistance measurement in 
a vacuum at 25.00 C on a bead whose approximate re- 
sistance is around 5 megohms. If the unit’s rated dissi- 
pation constant 8 were listed as 0.02 mw/deg C then 
simply insert these values in the formula: 

Allowed wattage dissipated — 4 deg C rise 

due to self-heating (3) 

In the example given. the allowed wattage dissipated 

would be: 


0.002 mw deg C X 0.01 deg ie 0.0002 mw 


= 0.2 microwatt 
If the current is desired, simply use: 


: Power dissipated 
Current allowed \ = ; earns 
Thermistor resistance (4) 


/noa v 6 
4, / 0.2 x 10 


/ 


>< 16 
= 0.2 microamp 


It is obvious then that if more than one volt were im- 
pressed on the unit it would heat up more than the allow- 
able 0.01 deg C. 

Thus, we see that good temperature control and cog- 
nizance of self-heating characteristics are critical points 
in accurate thermistor resistance measurements. 

For accurate measurement a good temperature con- 
trolled liquid bath or air chamber is required. In gen- 
eral, a liquid bath can be held to a closer temperature 
tolerance; it allows more power to be dissipated in the 
thermistor, it has a much higher thermal conductivity 
which lends to more rapid stabilization of test units, and 
because of its greater thermal inertia, remains closer on 
temperature after the entrance of a test fixture holding 
one or more thermistors. The liquid volume of the bath 
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should be at least twenty times that of any object placed 
in it. If the bath is to be used at temperatures remote from 
room temperature it should be thermally insulated. 

The liquid chosen for the bath must be as non-viscous 
as possible to allow for good circulation and it should be 
electrically non-conductive to prevent shunting of the 
thermistor or its leads or both by the liquid. An excel- 
lent liquid for use from around —20 to about +100 C 
is xylene, or xylol as it is sometimes called. Another 
valuable property which is found in xylene is volatility. 
Because of this property, test objects can be removed 
from the bath and within a very short time will be com- 
pletely dry by exposure to room air. Clean xylene also 
leaves no objectionable residue. At temperatures above 
50 C, however, xylene evaporates readily and a light 
clear oil may be used instead. With oil baths degreasing 
is required. Silicone oils have been used up to approxi- 
mately 260 C. These oils tend to deteriorate at high tem- 
peratures and should be changed frequently. Good ven- 
tilation is required when using oils at high temperatures 
since their fumes are quite toxic. For the colder tempera- 
tures toluene may be used down to about —90 C. 

Thermometers also present a problem but are the heart 
of the thermistor resistance measurement. In thermometry 
the platinum resistance thermometer is considered the 
practical or commercial ultimate. However, ordinary glass 
thermometers usually are sufficiently accurate for tem- 
peratures from about —55 to over +300 C. The type 
chosen depends on the particular test being made but it 
probably will be found accurate enough for general test- 
ing to use standard kinematic viscosity type thermometers 
made to ASTM specifications. 

Probably one of the least used but valuable and ac- 
curate thermometric device is the thermistor itself. A 
well aged thermistor will exhibit less than 0.1 per cent 
drift in resistance in months. Since the usual thermistor 
resistance change is about 4 per cent per deg C at room 
temperature, then 0.1 per cent drift only means a tem- 
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perature error of 0.025 C. What is usually done is that 
the unit, after proper aging, is checked against a platinum- 
resistance thermometer at a number of desired points. It 
is then put into use with a simple Wheatstone bridge 
as a measuring device. After about three months of use 
it is checked again. If the amount of aging is as expected 
or less, the thermistor need only be checked once or twice 
a year thereafter since its aging characteristic is a de- 
creasing one. 

The temperature controller used on the bath is also 
very important. If this device is not stable or reliable, 
the operator will spend a large percentage of time wait- 
ing for the bath to return to the desired test temperature. 

The simplest device which has all the desired qualities 
for temperature control is the thermistor bridge and 
phase-sensitive amplifier similar to the type made by 
Victory Engineering Corporation. Because of the large 
values of a in a thermistor, the gain of the amplifier can 
be made quite low, say from 5000 to 10,000. By simply 
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varying one leg of the thermistor bridge with a rheostat, 
the control (or balance) temperature is automatically 
shifted up or down rapidly and easily. 

Next consideration is the electrical test equipment 
necessary in making the final resistance measurement. 
For a rough check there are a few good ohmmeters which 
will suffice. However, most obmmeters pass too much test 
current through the thermistor, and have accuracies of 
only about + 5 per cent. 

The best device is the Wheatstone bridge and mirror 
galvanometer. Its use is almost mandatory if accuracies 
in the order of 0.1 per cent or better are expected in the 
resistance measurement. Good five-dial bridges will be 
found excellent for the purpose. A mirror galvanometer 
with a sensitivity of at least 0.025 microamp per division 
will be found necessary to properly compliment the 
bridge and make measurements up to 100 megohms pos- 
sible. Galvanometers with D’Arsonval type movements 
may be used with very good success provided they are 
sensitive enough to distinguish changes in the bridge’s 
third or fourth place dails with the low voltages on the 
bridge that are demanded by sensitive thermistors. 

To determine whether bridge current is self-heating the 
thermistor, first set the bridge in exact balance, then 
release the battery switch for about 30 sec. If, when the 
switch is closed again, the galvanometer swings off bal- 
ance and then slowly returns to balance, the thermistor 
is self-heated. 

An easy solution to this problem 1s to tap the battery 
switch on the bridge so that the voltage is on in very 
short bursts. Fortunately, in the first 10 per cent or so 
of the time it will require to self-heat and stabilize the ther- 
mistor will change only a very small amount, see Fig. 1. 
By making the test bursts small enough, excellent results 
may be achieved with bridge voltages which would ordi- 
narily self-heat the thermistor several per cent. One pre- 
caution must be observed in using this method and that is 
to use a galvanometer with a response period short 
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enough so that its motion is not too minute to read during 
the voltage bursts. It is recommended in general that the 
time duration of the voltage-on bursts should be about 14 
sec, and the time-off about 5 sec minimum. Repetition 
rates greater than this or of longer on-time over a 
lengthy test may result in a gradually increasing error. 

There are several other ways of making thermistor 
resistance measurements but those outlined here will prob- 
ably be found to be the best considering speed, accuracy 
and cost. 

Voltage Measurements. The problem of making 
voltage measurements across thermistors conducting ap- 
preciable currents is basically the same as measuring 
voltages across ordinary resistors. The difference lies in 
the fact that thermistors require considerably more 
stabilization time and in many cases are conducting such 
small currents that more than ordinary precautions must 
be taken to avoid errors. 

First consider the time element. Figure 1 shows the 
resistance vs time function for a typical thermistor. This 
curve indicates that, after the closing of the switch, the 
thermistor resistance does not change instantly to a new 
value but begins to change slowly, accelerating after a 
short period and then asymptotically approaches its final 
value of resistance again very slowly. This curve is one 
for which appreciable currents are allowed to flow 
through the thermistor; that is, currents great enough to 
self-heat the unit. 

For a further explanation of the various current divi- 
sions in a steady-state condition, the curve in Fig. 2 
shows what is known as the static voltage-current char- 
acteristic of a thermistor with a negative temperature coef- 
ficient of resistance. 

The self-heat current in Fig. 2 is shown as the point 
at which the static thermistor curve deviates from the 
straight line curve representing R, or the thermistor’s 
initial value of resistance at extremely small currents. 
This curve is only dependent on two other factors: the 
ambient temperature around the thermistor and the ther- 
mal conductivity of its medium. 

Figure 3 shows how the ambient temperature varies 
the static curve, and Fig. 4 shows the influence of the 
surrounding medium’s conductivity. For this group of 
tests it is presumed that both parameters depicted in Figs. 
3 and 4 are stable. 

In this type of testing, more thermistors are destroyed 
or ruined than any other, primarily because of neglect of 
three basic rules of thermistor testing: 1. Never place 
a thermistor directly across a voltage source without a 
limiting series resistor. 2. Never exceed the rated maxi- 
mum current or wattage even for short periods of time. 
3. Never move a self-heated thermistor from a medium 
of one thermal conductivity to one of lesser conductivity 
with power on the thermistor. 

The first point is important because absence of a lim- 
iting resistor may allow currents to flow through the 
thermistor that~are limited only by the very low remain- 
ing resistance in the circuit. In such a circuit, the ther- 
mistor resistance will drop down to a negligible value 
and allow the large resulting currents to destroy it. The 
only allowable values that will not destroy the thermistor 
are those less than E,,,- as shown in Fig. 2. The reason 
for this can be understood by a study of Fig. 5 which 
shows the effects of various load lines on a particular 
unit with a fixed supply voltage. The intersections of the 
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various load lines and the static curve at points A, B and 
C are the points at which the thermistor would operate 
with the different values of Thevenin resistance indicated. 
If R were allowed to be too small or to approach zero. 
the load line would approach a horizontal position, cur- 
rent would approach a very large value and the thermistor 
would burn out. 

The second rule is based on the fact that if the rated 
maximum is exceeded, the thermistor may fracture. 

In reference to the third rule, if a bare thermistor, self- 
heated under test near its maximum current point in, say, 
xylene at 25 C, is then removed to still air at room tem- 
perature, the power dissipating ability of the unit will be 
drastically reduced and the thermistor will be destroyed. 

The other important consideration in these tests is the 
type of meter selected for the voltage-current measure- 
ments. In many instances currents of 100 microamp or 
much less are to be used. If the thermistor were parallel 
with a voltmeter having a sensitivity of 100,000 ohms per 
volt (10 microamp full scale), and a near full-scale read- 
ing were being made, then an error of about 9 per cent 
might occur. 

This problem points out the need for either a vacuum 
tube voltmeter or a potentiometer. The vacuum tube volt- 
meter is fast reading but accuracies of only 1 or 2 per 
cent are usually obtainable. Potentiometers are cumber- 
some to use but give much more accurate results. What- 
ever method is employed, meter corrections are almost 
always necessary, particularly with voltage-current meas- 
urments on bead thermistors. 

Time Measurements. There are basically two types 
of circuits used to make measurements of time delays in 
thermistor networks. The first is shown in Fig. 6. Before 
the switch is thrown, the specified Thevenin test circuit 
consists of the voltage V and the series resistor R. The 
thyratron should be previously biased correctly with a 
dial box in place of the thermistor. Now when the switch 
is closed, the clock starts and the thermistor begins to 
drop in resistance. The current through R increases and 
in turn reduces the fixed bias on the thyratron. When 
the current reaches the point where the tube fires, the relay 
is operated, stopping the clock, from which the elapsed 
time can be read. 

Since this requirement for thermistors is an important 
one, it may be advisable to use an electronic counter 
instead of a mechanical clock. 

Slope Measurements. Slope is a term which refers 
to the steepness of the thermistor’s resistance-temperature 
curve. It is the rate of change of resistance with respect 
to temperature at a specified temperature. It is evaluated 
in terms of the material constant 8 in the thermistor 
formula (1). 

Temperature coefficient is the fraction (usually given 
in per cent) of the thermistor resistance which will 
change for 1 deg C. To differentiate this characteristic 
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those older engineers confronted anew with 
theoretical analysis of servo systems design 
and similar dynamic problems. 

The basic ideas of calculus are simple, and 
this article is written to keep them that way. 
Detailed proofs and elaborate examples are 
omitted in favor of easily followed discussions. 
Many readers will be surprised at how quickly 
they develop a “feel” for equations previously 
regarded as imponderable. 
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discusses differentiation and its uses. Part II 
discusses integration and its applications. Part 
III explains the use and meaning of differen- 
tiation and integration with respect to time and 


interprets equations of motion. 
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Differential Calculus 


DEFINITIONS. Suppose that x and y are related numbers 
with some physical meaning. For example. x might be 
the distance driven by car and y the amount of gas in 
the gas tank. As shown in Fig. 1, for every value of x 
there exists a value of y. Or “y is a function of x” (some- 
times abbreviated y = f (x)). With but a single value 
of y for every value of x in this case, we might also say 
“y is a single-valued function of x.” If for every value 
of x there were two or more possible values of y. we 
“y is a multiple-valued function of x.” If y is 
a single-valued function of x, then x may also be a single- 
valued function of y. 

In plotting the relationship between distance and gas- 


would say 


oline for a long trip. such as Fig. 2. y is a single-valued 
150 and x 300 where y 
has two values. Such breaks in the graph are called “dis- 
continuities” and we say that y is a discontinuous func- 
tion of x at x = 150 and x 
of y (such as 15 gallons) x may have any one of several 
values. Therefore in Fig. 2, x is a multiple-valued func- 
tion of y. 

Another useful term is the word “limit” (abbreviated 
“Lim”). The limit value of y if y is a function of x, is 
the value that y approaches as x approaches any given 
value. For example in Fig. 2, as x approaches a value of 
75 miles, the limit of y is 15 gal. This can be written 


function of x except at a 


— 300. Also for some values 


Lim y ae 15 
(2375 2 


But as x 150, Fig. 2, Lim y = 20 or 10 depending on 
whether x approaches the value of 150 from the right or 
the left. Therefore the limit of a function at a discontinu- 
ity does not have a single value. 

In this discussion we will deal principally with single- 
valued continuous functions, such as shown in Fig. 1, 
where the limit value of y at any value of x is a single 
value. 


DIFFERENTIATION. Differentiation is the process of 
finding the derivatives of a function. The first derivative 
of a function is the slope of the graph of the function at 
every point. The slope of the graph at any point is a 
measure of its steepness. As an example, look at Fig. 3. 
At the point x = a, the slope is fairly constant from a to 


Fig. 2—Example of a discontinuous function. 


Fig. Example of a function. 


a, a short distance away. and can be expressed as the 


ratio of the change in y to the change in x, or Ay--Ax. 
Since Ay/Ax 1 at point a, the slope. or “first deriva- 
tive of y with respect to x” at x = a is 1. Applying the 
same principle at x = e would give a negative value of 
Ay for a positive value of Ax. As a result, the ratio 
Ay/Ax is negative. If the first derivative of y with respect 
to x were calculated at x = a by taking a’ to the left of 
a, then both Ay and Ax would have been negative and 
the first derivative of y with respect to x, or Ay/Ax, would 
have been a negative number divided by a negative num- 
ber or a positive number. At x = b,c, and d, slope Ay/Ax 
would be zero divided by a finite number; so that the 
first derivative of y with respect to x is zero at these 
points, 

As the slope is not always constant over a large part 
of the curve, Ax and Ay must often be taken as micro- 
scopically small quantities to obtain even a fair approxi- 
mation to the slope at a point. In fact, for utmost 
accuracy Ax must be almost zero. Expressed in mathe- 
matical shorthand, the basic definition of the first de- 
rivative of y with respect to x is- 

dy 

dr 
Let us now apply this equation to find the first derivative 
dy/dx of the function y = x° at the point x = 2, as in 
Fig. 4. At x = 2, y = 4. If we increase v by Ax, y be- 
comes 


Lim Ay 
Ar—0 Ar 


=(r + Ar)? = (2 + Ary 
1+ 4Ar + (Ary? 


Fig. 3—Examples of the first derivative or slope of a function. 
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Fig. 4—Determination of dy/dx. 


In this case, 


so that 
»= 44+ 4Ar + (Ar)? — 4 
= 4Ar + (Ar)? 
Now 
fAr + (Ar)? _ 4+ Ar 
Ar “a 
but 


F Lim ¢ r ~) a 
= Ar—-0 i = 


Therefore, 
dy 
ae fatr =2 
This can be verified by examination of Fig. 4. 
A general formula can be developed by evaluating 
dy/dx at any value of x with almost equal ease. 


If 


then 


of sinusoidal functions. 
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= Ay = (r+ AryY — 2 


py. (2+ Azp— 2 2 + 22h2 +A — 2 
7 Ar 


dy 
dr 
Expressed differently, as y = x*, 
d(r?) 2, 
dr ~ 
which is now a very general expression which gives the 
value of dy/dx at any value of x. 
For example, at 2 +-2, 
dy 
dr 
which is the previous result. 
Similarly the derivatives of Table I can be derived. 


Each will be discussed as they are of particular interest. 


Fig. 5—Funcetion of y = c. 


Figure 5 shows the function y = c. Notice that even 
a large change in x at any point causes no change at all 
in y, so that Ay/Ax = 0/Ax = 0 at all points. Therefore 
dy/dx = 0 also. 

The expression d(x*)/dx is a general one which be- 
comes d(x*)/dx if n = 2. It is suggested that the reader 
check this case to see that it agrees with the formula 
previously derived for d(x*) /dx. 

Figure 6 illustrates d(sin x)/dx and d(cos x)/dx., 


First examine 4 sin x, the solid curve. At points a 


Fig. 7—Funcetion of y = e*. 





Table I—Some Basic Derivatives 


dc 

dx 

d(xn) 
dx 


(c is any constant) 


d(sin x) 
dx 
d(cos x) 
dx 

de* 


= ex 
dx 


and c it is flat (zero slope) so that at these points dy/dx 
must be zero. From a to c, y 


’ - sin x is sloped downward 
to the right with its steepest descent at x = 


b. There- 
fore we expect dy/dx to be negative in this region, with 
its largest negative value at x 
met by the curve y 


b. These conditions are 
‘ cos x. Similarly —sin x can be 
shown to be the first derivative with respect to x of y 

cos X,. 

The function e’ illustrated in Fig. 7 is a real beaut. 
It is its own first derivative because it has a value equal 
to its slope at every point. To check, draw tangents at 
a few randomly selected points on the curve of Fig. 7. 
The slope of the curve will invariably equal y. 

The formulas given in Table | for evaluating various 
first derivatives are part of a battery of about two dozen 
found in any calculus text or handbook and permit the 
direct derivation of the derivative of any function that 
can be described with an equation. 

The fact that a function is continuous does not mean 
that it has a continuous first derivative. For example, 
Fig. 8 shows the first derivative of Fig. 3. Notice that 
at x 1.5 the first derivative is discontinuous. This 
means that the slope of Fig. 3 is different approaching 
x 1.5 from the left side than from the right side. 


TANGENTS AND NORMALS. Often the equation of the 
tangent to a curve at a point is desired. The first deriva- 
tive is of help in such problems. For example, (see Fig. 
9) suppose that y is a function of x such that 

V 277 —z-3 


and we want the equation of the tangent line to the curve 


Fig. 8—The first derivative of curve of Fig. 3. 


Lee (pnrtioers 


at x = 2. The equation of a line through any point 
(x, y:) with a slope of m is 

y¥—n = mar — 2) 
In this case, x, — 2 and y, is found by substituting the 
value x 2 in the original equation to give: 

y: = 22) -2-3=3 

The slope of the tangent is the slope of the given curve 
and can be evaluated, by first finding the first derivative, 

dy d (277 — r — 3) 

dr dz 

= 227) —-1+0=47-1 

and evaluating this at x = 2 to give: 

dy 


a a 2 =T7T=m 


so that m in our tangent line equation has the value 7. 
The equation of the tangent line to the curve at the 
point (2,3) is now: 
y—-3 =r — 2) 
or 
¥y 
which is drawn dashed in Fig. 9. The normal line to a 
curve at a point is at right angles to the tangent line, and 
so has a slope that is the negative reciprocal of the slope 
of the tangent. The slope of the normal curve is therefore 
m and its equation is: 
l 
— —{s — %) 


a acee oe m 


In this example the equation of the normal curve is 
therefore 


(x — 2) 
or 
y = — 0.11437 + 3.286 
This is drawn in dotted in Fig. 9. 
MAXIMUM AND MINIMUM POINTS. Finding the 


point at which a curve has a maximum or minimum 
value is a common problem that calculus makes easy. In 
Fig. 10, points a, b, c, d, e are all points of zero slope. 


Fig. 9—Tangent and normal lines defined. 





Fig. 10 
defined. 


Maximum, minimum and inflection points of curve 


For a point to be a maximum or minimum point the first 
derivative (slope) must be zero at that point. But a 
further definition is needed because points a, b, c, e are 
maximum or minimum points but d is not. Also, it would 
be nice to be able to tell directly from the equation of 
the curve that a and ¢ are maximum points and that b 
and e are minimum points. Indicated on the x axis of 
Fig. 10 are plus and minus signs to point out at what 
values of x the first derivative is positive and negative. 
Notice that at maximum points, such as a and c, the 
slope is positive to the left of the point and negative to 
the right of it. At minimum points, such as 6 and e, the 
slope is negative to the left of the point and positive to 
the right of it. At the inflection point d there is no change 
in the sign of the slope. This criterion could be used to 
classify points of zero slope as maximum or minimum 
points but it is a bit prosaic. It suggests that the classifi- 
cation depends on a change in first derivative. Just as the 
first derivative is a measure of the change in a function. 
perhaps a second derivative will be a measure of change 
in the first derivative that will lead to a means of directly 
separating maximum, minimum and inflection points. 


HIGHER DERIVATIVES. We can define the second de- 


rivative as the first derivative of the first derivative: 


( dy 
d?y ; d x) 


dr? dr 


Fig. 11—Example of a straight line and its derivatives. 
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a*y/dx? 22 


Fig. 12—Quadratic curve and its derivatives. 


and the third derivative as the first derivative of the 
second derivative: 


( dy 
d \ d dr? ) 
dr d r 


and so forth. A few examples may help develop a feeling 
for this process. 


Case I: (Fig. 11) 
V pi 
First derivative: dy d(x) | 
dr dz 
Second derivative: d?y d(dy/dr) _ d(l) _ 
dr? dz dr 


Third derivative: d*yv 


d(d?y /d.r?) d(0) 


dr dr dr ° 


In Fig. 11 the given function y is plotted as a solid 
line. As its slope is constant at a value of 1, the first 
derivative (dotted curve) is constant for all values of x. 
As the second derivative is the first derivative of the first 
derivative (or slope), and the first derivative is a line of 
zero slope, the second derivative is zero. Any higher de- 
rivatives would be zero also. 


Case Il: (Fig. 12) 


First derivative: dy d(x?) . 
da a" 
d(dy/dr) 
dz dr ae / dr 
d d Vv dr ) d(2) 
dz as da 


Second derivative: d?y d(2r) - 


Third derivative: d*y 


In Fig. 12 the function x’ (solid curve) has a 
slope that is increasingly steeper for increasing values 
of x. It is not surprising therefore to see that its first 
derivative (dashed line) increases as x increases. The 
first derivative is a straight line (constant slope), so the 
second derivative is a constant and the third derivative 
is zero. 


Case Wl: (Fig. 13) 
First derivative: dy d(r ) 
dr dz 
d(dy/dr) d(3r*) 
7 eis = 6r 


d r dr dr 


= 32° 


Second derivative: d?y 





Fig. 13—Cubic curve and its derivatives. 


Third derivative: d*y d(d’y dr’) 


dr dr dr 
a d(d*y dz*) _ d(6) - 


doz) _ 


= 6 


Fourth derivative: d‘y 
des dr 

This last example of functions of the form y = x" can 

be compared to y = x*. Except for multiplication by a 

factor of 3. then x* is the first derivative of x* and so 

the second derivative of x’ corresponds to the first de- 


rivative of x*. ete. 


Case IV: (Fig. 7) 
7 _ 
First derivative: dy 


dr 
Second derivative: d*y 
5 
In fact all succeeding derivatives of e* are e*. As previ- 
ously stated, e* is its own derivative. It is the only func- 
tion except for zero that has that distinction. 


Case V: 
v=sing 
As an exercise the reader may try to find the fourth 
derivative of y = sin x. The answer is d*y/dx* = sin x, 
but prove it to yourself using the formulas of Table I 
and differentiating y four successive times. 


CURVATURE AND INFLECTION. The first derivative of 
a function of x describes by its sign and number value 
at any value of x the slope of the function at that point. 
In a similar manner, the second derivative defines curva- 
ture. 

Figure 14 shows the function of Fig. 10 redrawn with 
its first and second derivatives drawn below. These ad- 
ditional curves demonstrate how maximum and minimum 
points can be determined from first and second deriva- 
tives: 

(a) At a maximum point the first derivative is zero 
and the second derivative is negative. (Notice points a 
and ¢ of Fig. 14). 

(b) At a minimum point the first derivative is zero 
and the second derivative is positive. (Note points b 
and e). 

As the first derivative indicated slope, the second de- 
rivative indicates curvature. Notice in Fig. 14 that wher- 
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ever the function has a positive second derivative it 
is concave upward and wherever it has a negative second 
derivative it is concave downward. For example, from 
j to f, g tod and h to e the second derivative is positive 
and the curve is concave upward. From f to g and d toh 
the second derivative is negative and the curve is concave 
downward. 

Points where the direction of curvature changes are 
called inflection points. Here the second derivative is 
zero. Examples are at j, f, g, d and h. 

Of interest at times is an accurate measure of the radius 
of curvature of a function at a point. If y is a function 
of x, then the radius of curvature R at any point is 
given by 
_{l + (dy/dr)*|' 
ee dy /dr® 
Notice that both the first and second derivatives enter 
into this formula unless the slope at that point is zero. 
For this particular case we have 

l 
dy /dr 


R 


R= 


INTERPRETING DIFFERENTIAL EQUATIONS. Differen- 
tial equations often result from an analysis of a physical 
system, and their solution yields desired physical infor- 
mation or predictions. Solving differential equations is 
both an art and a science and encompasses a field that 
even includes analog and digital computers; so we will 
not get far with it here. But understanding differential 
equations is quite simple. Let us examine a few cases. 


Case I: 


Since dy/dx is a definition for “slope,” the given dif- 
ferential equation simply states that the curve has a con- 
stant slope of 3. This means that a plot of y as a function 
of x will be a straight line whose slope at all points is 3. 


Fig. 14—Relationship between successive derivatives. 
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Solutions of a differential equation. 


Fig. 15 


This is true of all the lines shown in Fig. 15: therefore 
any one of them is a solution of the given equation. If 
we were given an additional condition, such as y 3 
at x 0. only one of the family of solutions would 
satisfy both the equation and the additional condition. 
This is the dashed line of Fig. 15. “Additional conditions” 
are also called “auxiliary conditions,” “initial conditions” 
and “boundary conditions”; the latter two are the more 
common terms, 


Case Il: 
dy 
i + 2r = 0 
boundary conditions: 4 Deb's =O: 
In this case we have been given one point on the curve. 
By inserting the value x = 0 in the equation we also 


0. This 
information is summarized in line segment a-a’ in Fig. 16. 
At a’, x 


discover that dy/dx (the slope) is zero at 4 


0.1 and so by our equation 


dy 2(0.1) = 0 






dy 

ax” 0.2 
The segment of the curve to the right of a’ is drawn at 
0.2 until x 


recalculated and a new curve segment is drawn. By this 


a slope of 0.3 where the slope is again 
means the entire curve can be drawn, giving the desired 
curve of y as a function of x. This method is only an 
approximate one, for dy/dx varies continuously with x, 
not in discrete steps of 0.1 unit changes in x as shown. 
If the steps are taken smaller, a better approximation is 
obtained. A judgment of the approximation made in this 








“4 


Fig. 16 


differential equation. 
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Approximate solution of a Fig. 17 


case is possible by comparing Fig. 16 with Fig. 17 which 
is an exact solution. As can be seen, a differential equa- 
tion and its boundary conditions merely express a curve 
in terms of its point-by-point characteristics. 


Case Ill: 


dey dy 
dz *dz~° 

This is called a second-order differential equation be- 
cause the second derivative is the highest order deriva- 
tive appearing in the equation. Similarly, the previous 
case, Case II, was a first-order differential equation. In 
general, every differential equation must have the same 
number of boundary conditions as its order number if 
it is to have a single curve as a solution. In this case let 
us assume that the boundary conditions are given as 
) O and d*y/dx* 2 at x 0. From the boundary 
conditions the curve passes through the point (0,0). This 


is point a in Fig. 18. Inserting the initial condition 


d°y/dx° = 2 in the equation gives 
9 dy 0 
2-32 
ay 
da | 
Therefore the line segment ab is drawn at a slope of 
11. As 
ay 
Ly Zatz 0 
then also 
d(dv dr) 
} ~atas 0 


da 
so that for an increase of 0.1 in x, the slope of the first 
0.1 or +0.2. We can there- 
for the region just before 


derivative will increase 2 
fore assume a slope of 1.2 
point Cc. 

The original equation can be rewritten as 
dy 2 dy 
dr’ dr 








d(dy/dr) 2 dy 


da ds 
as an approximation 
A(dy /dr) 
2 dy/dzr 
As 


or 


\(dy /dr) 2(dy/dr)Ar 


This equation states that the change in slope of the curve 
during a small change in x is equal to twice the slope 


times the change in x, so that during the 0.1 increase in 





a4 re 


Exact solution of the differential : 
equation of Fig. 16. cae el 3 ae 



















































































































































































x from point c to point d, the slope is its prior value of 
1.2 plus an increase of 2.4 < 0.1, or 1.2 + 0.24 = 1.44. 
Similarly the entire curve could be developed. As before. 
the smaller the increments, the more accurate the curve 
that results. The purpose of presenting this method of 
solving differential equations was not to indicate the best 
way or necessarily a typical way they are solved, but to 
demonstrate that they have simple concrete meanings. 


DERIVATIVES OF INVOLVED EXPRESSIONS. Some- 
times y is such an involved function of x that although 
each of the parts is simple to differentiate, their combina- 
tion may appear formidable. The use of a few simple 
rules simplifies the differentiation process. These rules 
are summarized below. In each case a is a constant, u is 
a function of x and v is another function of x. 


Rule 1. 


Ifv = au 
dy du 
dr 7 dr 
This has been assumed already and used. For example, 


V 3a 


here 


rand a 
and 

3d(2?) 

dr 

Rule 2. 

eo 

du : dt 

dr dr 
Example: 


ez 


here rand vp = e* 
and d(x’) d(e*) 
dr dz 


Rule 3. 


Example: 


here randr e* 


and rd(e*) e*d(r) 
dx 


Rule 4. 


Example: y 


(in this case we know that 4 x" v so that dy 
dx = 1. but let us use the formula to check it the hard 
way). 


Let 


rand p 


l [ ‘ d( r°) s d(r | 
(ey? ds di 


: [ mor) — 4 Gr) | 


hz wr r 


Then 


I 


I 


PARTIAL AND TOTAL DERIVATIVES. Sometimes a de- 


pendent variable may be expressed as a function of more 
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than one independent variable, for example: 


Case A 


Case B 
Vv E's 

where x and z are both independent variables. What 
would the first derivative or slope of y be? Well, since y 
will vary if either x or z varies, we could define a new 
type of derivative to describe the partial change of v if 
one of the independent variables changes at a time. 
Therefore, the first partial derivative of y with respect 
to x is the first derivative of y with respect to x if all 
other independent variables are assumed to stay con- 
stant. The symbol for this is ay/ar the first partial de- 
rivative of y with respect to x and in the two cases shown: 


Case A 
oy _ [“ + 2 
or - dr 


av [ d(r°z) 
or dr 


Similarly. we could deduce 


Case A 
Ov [ d(x + 22) 
az dz ] constant 


Case B 


Case B 


ay [ d(2°z) 
or dz ] constan . 


In the event that both independent variables change, 
the resultant change in y can be described by what is 
called the total derivative of y. 


Total derivative of 
dy Ov di oy dz 
a) ard) * az di) 
This formula appears formidable until we take it from 
the general form shown to a specific form. 
For example, let us put x in the brackets giving 
dy Ovdr . dvd: 


dr or dr Oz dr 


dy ay dy dz 

ds dr dzdr 
This formula states that dy/dx is the same as dy/ar 
(which assumed that z remained constant) plus a second 
term in the event that there is a change in z when x 
changes. If z does not change as x changes, then dz/dx - 
0 and the formula reduces to 

dy Ov 

dr or 

\ common problem is one in which both x and z are 
functions in turn of another variable like time ¢. 
Our total derivative formula now becomes 

ay Oydr , dydz 

a ardt  azdt 
This formula says that the rate at which y changes with 
respect to changes in time equals the sum of two terms: 
(1) the rate at which x changes with changes in time 
multiplied by the rate at which y changes with respect 
to x, ie. the rate at which y changes due to time changes 
affecting y through x and (2) the rate at which y changes 
due to time changes affecting y through z. These formu- 
las can be extended to cases of many interrelated varia- 
bles but their basic meanings remain the same. 
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Integral Calculus 


INTEGRATION IS THE INVERSE of differentiation. But first, 
let’s consider some of the basic ideas underlying inte- 
gration as a mathematical function. 


SUMMATION. Figure 19 depicts a scale that measures 
a quantity x. In this case y is a length cut out of a piece 
of rope marked off in units of x. The dotted lines indi- 
cate where section y was removed from the original rope. 
To find the length of y we could cut it into pieces of 
length Ax and add these pieces together. Stated in symbol 
form: 


‘ Ar 
‘FI 
Here the Greek letter “sigma” stands for the word “sum” 
and the notation means: y = the sum of the lengths of 
all the Ax pieces of rope which are laid end to end from 
x = 1 to x = 7. Total length y would be the same 
whether Ax was a long segment or a small segment. Either 
case includes all the rope segments between the “limits” 
of integration of x = 1 and x =7. 

\ second example of summation, Fig. 20A, shows a 
curve of z as a function of x. As before x can be divided 
into little segments, Ax, as shown at B. Consider the ex- 
pression 


rm 


y = N zAr 


— 

Again this is a sum, but instead of just the Ax lengths, 
it is the sum of the product of each Ax multiplied by the 
height of the curve z. It is implied in the notation that 
for each Ax the value of z to be used is the one cor- 
responding to the location on the x axis of the midpoint 
of that particular Ax. For example, the first Ax to the 
right of x = a is multiplied by the number value of z 
at its center. Each zAx product can be drawn as a rec- 
tangle and y becomes the sum of the individual rec- 
tangular areas shown in Fig. 20C to approximate the area 
under curve z between end points x = a and x = b. 
In conclusion then, if z is a function of x 


and y= ) zAr 


z™=a 


then y = the approximate area under the given curve z 
vs x as bounded by the x axis and the lines x = a and 
x = b. As will be demonstrated later the word “approxi- 
mate” can be removed by taking very small values of Ax. 

Figure 21 shows a third example where z is a very 
particular function dy/dx. Again the summing operation, 


ay 
», (a) 
can be depicted, as in Fig. 21A, as the sum of the areas 
of all the rectangles shown from x = a to x = b where 
each rectangle’s height is the value of dy/dx at its mid- 
point and each rectangle’s width is Ax. This summation 
is interpreted in Fig. 21B as the curve y vs x from which 
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Ax Ax Ax Ax Ax Ax Ax 


—— Oe Oe oe 
LLLACLLLL LLL LLL LLL 


—"——  y 


Lhd bddddaldddditide 
TLL =o ee ee ee ee ee ee —~—~WazZzz 


oe See: S 
Fig. 19—Basie example of summation. 


the dy/dx curve was originally derived. By earlier defini- 
tion dy/dx is the limiting value of the slope Ay/Ax as 
Ax approaches zero. If 

dy/dr = approximately Ay/Ar 
then 

(dy/dr)Ar = approximately (Ay/Az)Ar 

= approximately Ay 
which is the change in y corresponding to change in 
x of Ax. The summation of Fig. 21A is in reality the 
sum of all the changes in y as x goes from a to b, or 


x =a 


Ze 2» 


za za 


Fig. 20—Summation of an area. 





Fig. 21—Integration of first derivative. 


In other words this summation process is the inverse 
of differentiation. Just as differentiating y yields dy/dx, 
a summation process on dy/dx will approximate y. But 
before the summation idea can be used to solve prob- 
lems it must be refined from an approximate process to 
an exact process called integration. 


INTEGRATION. In the basic summation process 


zAzr 


as Ax is taken smaller and smaller to approach the limit 
of zero. y becomes the exact area under the z curve be- 
b. For this condition (Ax—0) the 
symbol dx replaces the symbol Ax. The summation proc- 


tween 4 a and x 
ess now becomes a continuous function between x a 
and 4 b so the discontinuous symbol “sigma” is re- 
placed by a smooth flowing tilted letter S, thus transform- 
ing the basic summation formula into the following basic 


equation for integration 


| eds 


and now, y is the true area under the curve 
from x = atox = b. 


Similarly the summation expression 


\ dy 


Y%—-Yo= 7 4 (approximately) 


z 


becomes the integral expression 


" » (dy 
J r—a *) dr (exactly) 


Several examples will demonstrate the usefulness of 
these formulas. 


Yo — Va 


Case | (Fig. 22) 
curve z — x” between 1 


Find the area (shaded) under the 
O to x Ll. 


Area = | zdr = | | rdr 


Jz “ 


We can solve this problem if x? is some derivative, 
dy/dx. From a previous problem 
f I r 
. y=3@)=3 
dy l 
then 5 (3.r*) r 
dz 3 


Substituting the above values for y and z: 


zl *r dy 
Area = f dr (3) dr 


= Vz -¥ 


3). -L 


1 
3—-0= 


l 

i 3 
This typical problem shows the steps essential to any 
integration. Except for a direct graphical measurement 
of the area under a curve to evaluate an integral, all in- 
tegration requires that the function being integrated must 
be recognized as the derivative of another function. In 
step (1) above, the function z was first translated into 
a function of x, called the variable of integration. Notice 
that the limits, x | and x = 0, are also expressed in 
terms of the variable of integration. Steps (2) and (3) 
show that the procedure for evaluating the integral de- 
pends upon finding (from memory or a handbook) some 
function of x whose derivative happens to be the func- 
tion we are trying to integrate. Once this function is 
found, it is evaluated at the upper limit and lower limit 


Fig. 23—Integration of the function cos x. 
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(4) and the value of the integral is the difference between 
the upper and lower limit values. Step (4) is sometimes 


shown as 
r s=1 x? 1 
[ 3 | 0 ™ F ] 0 


Case Wl (Fig. 23) —Find the area shaded under the curve, 


2 = cosz 


between the limits z = 27/2 and z = 3n/2 


(Note: x is in radians, a requirement for all calculus 
operations with trigonometric functions: 27 radians 
360-deg; 2/2 radians = 90-deg; 37/2 radians = 270- 


deg. 
Proceeding as before, 


(2 aE—3F /2 


Area zdr 


cos zr dr 


but cos + 


So in this case: 


Area 


Sin x has been shown dotted in Fig. 23 to aid in evaluat- 
ing the function at its limits giving 


Area I1—(+1)= -2 
The area is negative because it lies below the x axis. 
The limits of a sine or cosine function may include areas 
both above (positive) and below (negative) the axis. 
At times they will cancel each other. For example, try 
finding the area under the curve z = 


2 cos x between the 
limits x 


0 and x = 7x. Proceed as in the previous 


example and the net area should come out zero. 


LIMITS AND CONSTANTS OF INTEGRATION. The 
integral equations discussed so far have been definite 
integrals in that integration has been performed between 
definite limits. Often equations are stated in indefinite 
form, that is without limits—but with a constant of inte- 
gration instead. As will be shown, this leads to a more 


simplified form of mathematical notation—but one that 


can be misleading if not properly interpreted. Let’s take 
again the basic equation of Fig. 23. 


2r=h 


Area cos Ir dr 


but this time let us evaluate several integrals with the 
same lower limit but different upper limits: 


oe r 1 
(1) Area | cos dr = | sin 2 0.707 = 0.293 


™ 


at 4 z 4 
(2) Area | cos rdr = [ sin r | 0.707 — 0.707 = 0 


4 4 


(3) Area = f _ COS sr dr = | sin r | 


4 


The function and the areas concerned are shown in 
Fig. 24A. Figure 24B shows the general solution includ- 
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Fig. 24—Integration with the lower limit fixed. 


ing the three specific solutions between the limits of 
% = 7/4 and x 7/2. 37/4 and x. Figure 24B would 
have the same shape for any lower limit (assuming it 
were the same for all integrations), however a change 
in lower limit will cause a vertical shift of the curve. 
Figure 24C shows the same integral but the lower limit 
is set at some fixed value, where x K, and added to 
the integral is the constant c. In this case c¢ has been 
chosen as the value of the integrated function at its 
lower limit. For example, if 4 7/4, then « sin 7/4 
or 0.707.* Constant c is called the constant of integration 
and by its use the integral of a function is itself a single- 
valued function. 


A look at our basic formula will explain this further. 


fo Cae) a 


which can be rewritten as: 
dy 
dz ) ae 


dy * 
dr ) dr 
where c Va 


is a function only of 
b, and the equation can be simpli- 


(SB )ae+e 


But the notation y, and x 


By using the constant c, then yp 
the upper limit x 
fied to: 


b can be assumed, so the 





Table II—Commonly Used Integrals 


1) 


f e*dx = e* +c 


fosin x dx 


feos « as = sinx +c 


- cos x + 
x is a variable, nm is an integer, and c and a are numbers. 


Table Ill—Laws of Integrals 


; fa z dx = Afz dx 


Fuivall ive 


Je + y) dx -fa dx + fy dx 


% s=Cc x=b s=C 
f dx = { z dx + ff z dx 
J Jx=a Jx=b 


5. x=b “x=a 
dx = —| z dx 
x 


Jx=a b 
Symbols x, y, z are variables. A is a constant. 


expression can be further simplified to: 


Fe dy 
y= J (5) az +c 


This shorthand form is in such common use that it is 
often assumed, incorrectly, to be the basic definition of 
integration. Philosophically, the above expression points 


out that integration is the inverse of differentiation. 
Further, that if we know the value of c, the integral y 
is a singlevalued function of the upper limit x. 
This general formula can be used, for example, to find 
y when 
d*y 


dr? 


J (Gz )a +e 


by log:cal extension 


f (2 ) age 
3 dr dr +¢ = dr 


By substitution 


dy Fs 32? 
ds | (3r) dr + ¢, > + C1 


Since 


because 


d(3r7/2) 3 
a ~2@n = 3 


Therefore 


DS asi) store 


From differential calculus (the subscripts are shown to 


separate the c’s) 


d(z*/2) _ 3 
dr ; 


= 
9 


d (c,r) 


a 7s 


d (23/2 + er) 
= = (324/2 + 4) 
Thus 


y=P/2+er+t: 


Note that c,; and c, may be any constant numbers. In 
any physical problem c,, c, and in fact all constants of 
integration are found to be particular values by problem 
initial conditions or boundary values. 

This solution can be checked by finding the second 
derivative of y. If 


dy 


- = 377/2 c 
dr ws 


d’y 


= 377 +040 (check!) 


dz 


To sum up, while the basic integration formula often 
can be expressed as 


dy 
y= f (3) ae +e 


it can be interpreted in two ways: 


The first is 
z~> / dy 
“f2(B)ers 
z~b / dy 
= f ( a. ) dr 


the area under the curve of dy/dx vs x. 


ay Zo 


where y» Va 
The second way is 


z=b dv 
Y= f ( 7 ) ae +e 
F zak dr 


where y and dy/dx are single-valued functions of x and 
c is a constant related to k. 


TABLES AND LAWS OF INTEGRALS. Since integration 
depends on recognizing that a given function is a de- 
rivative of another, an indirect process, there are avail- 
able tables of integrals, some of which are good sized 
books. A few of the more commonly used integrals are 
shown in Table II. 

Similar to the laws that govern the addition and multi- 
plication of derivatives are laws that govern the com- 
bining and factoring of integrals. The basic rules are 
given in Table III. The second formula shown is called 
the integration-by-parts formula and is useful in con- 
verting an integral from an unknown to a known form. 


INTEGRALS IN AREA. Because integration is basically a 
summation process, it is a useful tool in calculating total 
areas or volumes when information about their compo- 
nents is known. As an example of area, consider the plot 
of a river shown in Fig. 25, particularly the area of the 
river shown shaded between x = a and x = b. This 
area is the difference between the area under curve y, 
and the area under the curve y., or stated in calculus no- 
tation: 


zr=b r= 
Area of river = f y, dr - f v, dr 
Another way of solving the problem exists if y, and y, 
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Fig. 25—Area of a river as defined by a simple integral. 


are not known as functions of x but the width of the 
river, ¥: — Y,, is known. In this case 


z~b 
Area of river f (v1 — ye) dr 
I= 


~< 
However the width (y, — y2) must be measured along 
lines parallel to the y axis, not along lines perpendicular to 
the river banks. The reason why can be shown by con- 
verting the integral expression back into a summation 
expression: 


If Ax is taken fairly large, the summation looks like Fig. 
260A and the area of the rectangles forms a fair approxi- 
mation to the area of the stream. 


rat 


y,)dr = — * (v 


z 


- Ye)Ax 


Figure 26B shows the result of summing the width 
of the river (measured normal to the bank) times Ax. 
Notice the gaps that develop between ,each rectangle. 
This alternate summation is good approximation to the 
river area only where the river is parallel to the x axis. 

Figure 26C shows another unacceptable alternate sum- 
mation. In this case each parallelogram has an area of 

Ax & width of river normal to bank COs a 

It is suggested that the reader find by trial how the 
three terms in the above expression could be rearranged 
to form an acceptable incremental area term. 


DOUBLE INTEGRATION. Another means of finding an 
area is by double integration. This is best illustrated by 
the example in Fig. 27. The area a-b-c under the curve 
can be divided into rectangles as before to give the ap- 
proximation of Fig. 27B, for which 


rab 
Area \ yAr 
z , 
lhe individual rectangles, yAx, can also be drawn on the 
area as the sum of several smaller rectangles as shown 
in Fig. 27C, and defined as 


v=) 


vAr Ayr 
howl 
y~0 


Combining the last two steps into one notation gives 


r= y=" 


Area = S .? ayar) 

za yt 

lhis symbolizes adding the areas AyAx together to get 
a strip and then adding the strips together to get the 


total area. During the bracketed summation the quan- 
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Fig. 26—Area of a river obtained by summation. 


tity Ax is fixed, so the above summation can be rewritten 


as 


: 


Area 


The limit of these summations as Ax and Ay approach the 
limit of zero is the integral expression: 


Area f ( r dy ) az [ 


(he right hand version without brackets is the customary 
mathematical form. However the brackets are still im- 


t : dy dr 


— 
On 


Fig. 27—Elements of multiple integration. 





Fig. Moment of inertia of a cylinder. 


plied and it is important to remember that during the 
evaluation of the bracketed or “inner” integral x is con- 
stant. 


Evaluating the inner integral gives: 


dy 


\ 


| 0 
But y, is a general value of y that varies with x. We must 
put it in terms of x to perform the next integration with 
respect to x. 
From the equation of the curve, 
\ l 


Substituting this value for the inner integral. the original 


double integral expression reduces to a single integral 


Area (1 rds 


Applying rule 3 of Table Ill cives: 


Area (l)da 


9 


Needless to say, calculus is not usually applied to such 


simple problems but the principles are the same. 


MULTIPLE INTEGRALS. A typical integra 


might be 
written: 


V/ gag dy dz 


Rewritten with its implied brackets and limits clearly 


stated the above equation becomes 


. -~ 


| | qdz | d) dz 


u=| 

In this enlarged notation 4 f. (y,z) means that a 
is a function of y and z. Instead of integrating the inside 
brackets between number values, we integrate between 
function values such as was done in the first integration 
of the previous example. In this notation q is a function 
of x, y and z. 
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As is common with bracketed terms in algebra, evalu- 
ation is done from the inside out. 
The first step therefore is to evaluate 


+ 


_ * q da R 


In evaluating this integral, the expression in q is writ- 
ten out and y and z are assumed to be constant during 
the integration. Therefore q is a function of x alone 
during the integration. However, R is the value of the 
integral after inserting all limits and R is an expression 
which contains no x terms. 

If R is a function of x, a mistake has been made be- 
cause the limit values inserted to get R should be func- 
tions of y and z only, not x. The next step is solving 


°y 


R dy 


by evaluating the bracketed integral while assuming that 
z is constant. Inserting the proper limits creates a new 
function S which is a function only of z. 

The final integration step, 


V/ Sdz 


vields a number value for M if a and b are numbers. 


MOMENTS. A final integration will show how to find 


the moment of inertia of a shaft of density p, length J, 
and radius r, about its own axis, Fig. 28. The moment 
of inertia of a particle of mass about an axis is 


[= MR 
where / the inertia 
V the mass 
R the distance from the mass to the axis 

Key to the problem is that the moment of inertia of a 
group of masses is equal to the sum of their individual 
moments of inertia. By dividing the shaft up into thin 
concentric cylindrical shells, we can find the moment of 
inertia of each shell and then add their moments of 
inertia to obtain the moment of inertia of the shaft. 

\ typical shell, shown shaded in Fig. 28, can be 
thought of as a sheet of material bent into cylindrical 
form. Its area is its circumference times its length o1 

Shell Area = 27 


where x is the distance from the axis and / is the length 
of the cylinder. The volume of the shell is given by 


Shell Volume Area thickness 2arlds 


The mass of the shell is the volume times the density, so, 

Sheil Mass 
The moment of inertia of the shell is the mass times the 
square of the distance from the axis. As this distance is 
v° for every part of the shell, 


Da rlpda 


Ie 1 2rrlpdr(r) ru pds 


Adding up the moments of inertia of the shells from the 
center to the outside gives us 


- { 


Removing constants from under the integral sign anc 
evaluating, 


l 2nlp | rida 2rlp| 7 ] = 
. j 


’ 


2nlprids 


So by integration we have obtained a useful formula for 
the moment of inertia of any shaft of any size 
material. 


and 
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Time Calculus 


CUTTING ACROSS THE BOUNDARIES of the preceding sec- 
tions are the uses of calculus in solving problems of 
motion and ones in which time is the dependent variable. 
These problems form the major application of calculus 
in industry. 


TIME DERIVATIVES. To understand variables that are 
functions of time, look at the plot in Fig. 29A of the 
distance between a train and its roundhouse on a day’s 
run as a function. of time. Notice that at the end of the 
day the train hasn’t returned to the roundhouse. 

The first derivative of distance with respect to time is 
called “speed” or “velocity”. In Fig. 29B, the velocity 
it any time can be found by measuring the slope of the 
curve, since the first derivative, A distance ~— A time (as 
A time approaches zero) is the slope of the curve. Hence 
the velocity is zero at points a, b, c, and is positive at d, 
but negative at e. As velocity is the limit of the ratio of a 
distance divided by time, its dimensions are miles/hours. 

The second derivative of distance with respect to time 
(the first derivative of velocity) is called acceleration. 
which is the change of velocity with changes in time. 
In Fig. 29C acceleration of the train is plotted against 
time. Notice that when the train is stopped, as at points 
a, b, and c, the velocity and acceleration are both zero. 
his is because when the train is at rest it has no velocity 
and its velocity is not changing. Notice also that a posi- 
tive displacement slope means a positive velocity and a 
concave upward section of the displacement curve (one 
in which velocity increases as time increases) means a 
positive acceleration. At points where the acceleration is 
zero, the velocity is constant, and the displacement curve 
is a straight line. As practice directed toward developing 
a sense of the interrelation between these curves it is 
suggested that the reader try his hand at drawing Figs. 
29B and C freehand while looking only at A. 

The next higher time derivative in the displacement- 
velocity-acceleration series is “jerk.” There are other 
time derivatives in use in engineering. For example. 
power is the first time derivative of energy. force is the 
first time derivative of momentum (in the case of a 
moving mass), current is the first time derivative of 
charge in an electric circuit, and so forth. 


TIME INTEGRALS. As an example of the use of time- 
integral expressions, suppose that a record has been kept 
of the rate of flow in and out of a storage tank, Fig. 30, 
and it is desired to know the total quantity of fluid in the 
tank at the end of a 10-hr period. 

Two pumps are shown. Pump I, when turned on, 
pumps water into the tank at a velocity of 1000 ft per 
hr. Pump I] pumps water out of the tank at a velocity 


of 500 ft per hr. If both inlet and outlet pipes have the 


same diameter, 1 sq ft, the net result of both pumps 
operating at the same time is to fill the tank at half the 
rate of pump I working alone. 

The integral expression in this case is 


Q = K J V dt 


city are not strictly the same. In motion problems the 
ed, but unfortunately most engirt 


sO here. 


prope 
I I 


locity and s 


gineers use the term veloc 
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Fig. 29 - Plots of distance, velocity and acceleration. 


where Q is the total fluid in the tank, V is the velocity 
of the fluid flow (positive if filling the tank and negative 
if out of the tank). The constant K must be evaluated 
from the physics of the problem, as follows: 

Let us assume that V is constant for a short period, say 
} 1000 ft/hr for a period of | hr. This would caus 
Q to change by 1000 cu ft as the pipe area was stated to 
be 1 sq ft. Rewriting the integral expression for this case 
in complete form gives: 
t=1 br 


QO=K “Vidt=K | 1 ] 


A [ (1000 ft/hr)(1 hr 0) | K (1000 ft) 


| 


or 1000 cu ft 
therefore 
K 1 sq ft 


K (1000 ft) 


Fig. 30—Time-integral problem in storage tank. 


tank 


Qe=1250 cuft 

























Table 1V—Commonly Used Symbols for Differenti- 
ation and Integration With Respect To Time 


feat 


Traditional form dx d’x d'x 
dt dt? dt’ 


Dot notation 


Heaviside opera- 
tional notation 


Alternate opera- 
tional notation 


Advanced calculus | D(x) 


D*(x) 
notation 


D*(x) 


Function notation Kt) | fO | FH 


ft) 


Now if V, is known as a function of time, Q can be 
computed from 


0 KI Vdi+0O, 


where Q, is the value of Q at time ¢ = O (the initial 
condition) and Q, is the value of Q at time ¢ = a. 
Another way of stating the Q vs V relationship is to say 
that Q is changed from its initial value by an amount pro- 
portional to the area under the curve of V vs time.+ The 
last mentioned approach will be used in this case. 
Figure 31A shows the schedule of pump operation. 
Pump I is on for the Ist, 4th and 5th hours and pump II 
is on for the 2nd, 3rd, 5th and succeeding hours. Figure 
31B shows the resultant flow velocity into the tank. A 
negative velocity (when only pump II is working) means 
that the tank is being emptied. Figure 31C shows the 
resultant Q with Q; given as 1250 cu ft. Notice that Q 
increases whenever V is positive and that the rate of 
increase is proportional to Q. Figure 31D shows what 
would have happened to the plot of Q vs time if Q, had 
been forgotten. The result would have been a tank hold- 
ing a negative quantity of fluid for the last two hours! 


SHORTHAND NOTATIONS. Differentiation and _ inte- 
gration with respect to time are often abbreviated and 
the more commonly used symbols are listed in Table IV 
for reference. The traditional form is always in good 
taste. The dot notation is very good except that an occa- 
sional fly spec will add errors. It was devised because it 
is easy to typewrite. The operational notations have the 
disadvantage of sometimes being mistaken for algebraic 
expressions but are in common use, especially the Heavi- 
side notation. The last two notations are usually found 
only in advanced mathematics books. 


MOTION EQUATIONS. Equations of motion are the 
largest class of time differential equations. They are best 
explained by a mechanical and an electrical example. 
It is suggested that the reader follow each example 


tit is suggested that preceding sections on integration be reviewed by the 
reader at this time as collateral reading. 
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through each step and then reread the entire sequence 
for one example by itself, doing the mechanical example 
first. 


Example 1: Figure 32 shows a simple suspension sys- 
tem where K and C are a spring and damper respectively 
that support the mass M. Desired is x, the vertical motion 
of the mass with respect to its rest position b as an ap- 
plied force F, varies as a function of time. The equations 
of motion can be written by several methods but the 
method of force balance is most common. By “force bal- 
ance” is meant that the sums of all forces acting on point 
b on the mass are zero if the forces of inertia reaction 
are included.* 

Calling displacement, velocity, acceleration and force 
in an upward direction positive, leads us to the following 
statements: 


Force upward on b due to applied force F, plus 
Force upward on b due to mass inertial reaction F; plus 
Force upward on b due to spring F, plus force upward on 6 
due to viscous damper F equals zero, 
or F,+F,+F.4+ F; = 0 
Fi = —m2z 
where x = vertical acceleration of point b (or any other 
point on mass /) 
F, = — Kr 
where A 
linear spring) 
F; = — Cz 
where C 
damper) 


spring constant (assuming a perfectly elastic 


= damping constant (assuming a linear viscous 


Substituting: 


F, Wz — Ka Cc 
or Wi+ Cz Kr F 


Remembering that F, is a function of time, this expression 


*An excellent reference on the writing of motion equations is “‘Mathemat 


and Physical Principles of Engineering Analysis ny W. Johnson 


Solution to storage tank time-integeral problem. 
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is a relationship between x and time. In the next section 
we will interpret this equation. 

Example 2: In the circuit of Fig. 33, V, is an applied 
voltage and V, is the output voltage sought. If V, is a 
function of time, V, will be also. The “motion” in this 
circuit is that of electric charges. It is equally proper, 
however, to think of a voltage as having “motion,” mean- 
ing “change of value with changes in time.” In Fig. 33, 
the voltage across the capacitor is given by: 


i¢ 
3 = a Si di + V2 (0) 


where C = the capacity of the capacitor 
i = the loop current 
V. (0) = the value of V2 at time t = 0 
and the voltage across the resistor is given by: 
\ R iR 

where R = the resistance of the resistor. 

By Kirchoff’s voltage law, the sum of the voltages around 
a closed loop equals zero. Therefore: 

V; \ z= V. 0 
Substituting for Vp gives 

V; iR \ - () 

If two expressions are equal, their integrals or deriva- 
tives are also equal. Therefore if an equation is inte- 
grated or differentiated, term by term, the resulting ex- 
pression is also an equation as valid as the first. 
Differentiating the previous expression for V’, therefore 


vives: 


Fig. 32 (right)—Simple 
elastic suspension system. 


Fig. 33 (below)—Motion 
as applied to simple RC 
circuit. 
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gives 
V, — CV.R — Vz = 0 
or CRV; + Vz = V; 
As V, is a function of time, this is an equation of motion 
for V., as it defines } 


equation, 


as a function of time. 


INTERPRETATION OF MOTION EQUATIONS. A 
motion equation can be interpreted with ease if each term 
is understood. 
Example 1: The motion equation of the suspension 
system of Fig. 32, 

Mz + C2 + Kr = Fy 
merely expresses a relationship between x, its derivatives, 
and F,, that must be satisfied. The “solution” of the equa- 
tion, a curve of x as a function of time, will depend on 
also knowing the boundary conditions. Almost without 
exception these conditions in motion equations are given 
at time ft 0 ort 0+ for step inputs. As this is a 
second-order differential equation, two initial conditions 
are needed. 


As a sub-example assume that x = x 


0 att = Oand 
that F, is a constant positive force, Fx applied at t = 0 
and continued indefinitely (a step input). 
At t = 0+ the equation now becomes: 
Vzi+Cxo0+KkK x0 Fy 
or MVz+0+0 Fr 


Therefore # = Fx/M (att = 0 +) 


Putting these bits of information together we know that 


x — O at time O-+- so that the curve of x vs time will 


O at «= GL. so 
that the slope of x vs time will be zero or parallel to the 


start at the origin. Furthermore x 


x axis at ¢ = 0+. Furthermore since the acceleration 1 
is a positive number at ¢ = 0+, the curve of x vs time is 
concave upward to start. Thus we can draw the start of 
our solution, x vs time as shown in Fig. 34 by line 0-a. 

At time ¢ =©. any physical system will either oscillate 
or reach a steady-state condition such as constant dis- 
placement or constant velocity. In this example we will 
assume from experience with systems of this type that as 
t—>@, all motion will cease. With a constant force applied 
to the system, energy will be dissipated in the damper 
until velocity ceases. If velocity 0 over a period of 
time, its first derivative, acceleration, must also equal 
zero. Therefore the final values of x and x are zero. In- 
serting these in the equation gives 

0+0+ Ar = Fx 
Fx 
or z= atl L 

So now we have determined segment b-c in Fig. 34. 

The shape of the curve between points a and b can- 
not be determined without inserting specific number 
values for C, K and M. Dotted in Fig. 34 are two of a 
family of possible curves. Curve d represents a case where 
C is small compared to K and curve e is typical of cases 
where C is large compared to K. Methods of solution of 
time differential equations to determine intermediate 
values will be taken up later. 


Example 2: The motion equation of the CR circuit of 
Fig. 33 was 


CRV, + V2 = V; 


Let us assume that V, = 0 and that V, = 1 att = 0+. 
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x (Displacement) 





o_ 


Fig. 34 


Response of a simple suspension system. 


Physically this means that V, is short-circuited and that 


the capacitor is initially charged. Inserting the initial 


conditions gives 
CRV, +1 =0 
or V a at { (0) 


Summarizing, at / 0. V. has a value of 1 and is de- 


creasing (V, is negative). 
This is sketched in as segment a-b in Fig. 35. 
As time becomes infinite, if we assume that the circuit 


will not oscillate, V., will be zero so that 


0+ V2=0 
or Vz2=0 ati 


This determines segment c-d in Fig. 35. What happens in 
between is shown dotted, although nothing has been 
stated yet that would assure us that the dotted curve 
should not drop below the time axis. For this intermediate 
data, it is necessary to solve the equation of motion. 

In summary, it is possible by inspection of the motion 
equations, when given the initial conditions, to determine 
the initial shape of the curve of the solution. If there is 
good reason from physical information to believe that the 
system will not oscillate, the final values can be deter- 
mined. Intermediate values require solving the equation. 


SOLVING MOTION EQUATIONS. Of the dozens of 
methods commonly used to solve motion equations, we 
will discuss four of them by using each to solve the equa- 
tion of the electric resistance-capacitance circuit of Fig. 
33. These four have been selected to give the reader an 
appreciation of the process and enough familiarity to 
remove any mystic aura. Solving a differential equation 
(or any equation for that matter) means manipulating 
the equation (or group of equations) to present the same 
information in more readily usable or convenient form. 
Thus a time differential equation in V, gives V, as a 
function of time, but in an awkward form. After solving 
the equation, the same information will be obtained in 
the form of a graph of V, vs time or an algebraic ex- 
pression of V, as a function of time. 


Method 1: Step-by-step numerical solution. This 
method has many forms and refinements and is the basis 
of the solution of time differential equations by digital 
computers and digital differential analyzers. It is an 
approximate method but by reducing the size of the in- 
crement of time chosen, it can be made as accurate as 
desired. 

Assume that the circuit of Fig. 33 has a ramp voltage 
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Time -— 


Fig. 36 
input curve. 


Fie. 35 Ramp voltage 


simple electric circuit. 


Response of 


input for V, as shown in Fig. 36. Expressed analytically, 
V, = 2! 

As before, the motion equation for this circuit is 
CRV, + V2 = \ 


Let us assume that in this case CR 4 
The equation now becomes 


*4V. + V2 = 21 
If we also assume that the capacitor is initially uncharged, 
the initial conditions become (at ¢ 0+) 

*V2 = 0 and Ve = 0 
The starred equations and initial conditions will now be 
solved for V. as a function of time. An approximate re- 
written form is 

1AV2/At + V. =2 

In this case AV, is the change in V, for a change in 

t of At. Rearranging this equation gives: 


1AV, = (21 V.)Al 


Let us assume a standard value for At of 0.1 sec. This 


gives 
AV. = 0.05 ¢t — 0.025 V- 


where the left hand is the change in V, during any 0.1- 
sec time interval. If we make the further approximation 
that V, and ¢ in the above equation are the values at the 
beginning of each 0.1-sec interval, the last equation can 
be used directly to compute the change in V. for each 
0.1 sec interval as follows: 


AV. = 0.05 X 0 — 0.025 x 0 = 0 
(0<f<0.1 


giving 


V, = Ve + AV2 =O +O = 9 
t=0.1 (¢=0) 


Repeating the process: 


AV. = 0.05 X 0.1 
(0.1 <t<0.2 


0.025 * 0 = 0.005 
giving 
V. = V2+ AV, = 0 + 0.005 = 0.005 


Repeating again: 
AV, = 0.05 X 0.2 — 0.025 X 0.005 = 0.01 — 0.000125 
0.009875 
giving 
\ V2 + AVe = 0.005 + 0.009875 
((=0.3) (=0.2) 
= 0.014875 
Repeating this process gives the graph for V, 
tion of time shown in Fig. 37. 


as a func- 
Notice that the curve 
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obtained, is a staircase and approximates the correct solu- 
tion whiich is the dotted curve. If this problem were 
solved on a digital computer the steps could be made as 
small as desired for increased accuracy. 


Me'‘thod 2: Classical Method. This method consists of 
bresaking the original equation into two equations. then 
ussing separate techniques to solve each part. finally com- 
loining the solutions and using initial conditions to fix 
the values of constants that develop in the process. 

As before. the equation to solve is: 


1 oe 21 
First break it into two equations: 


Ven + Vong = 2 
iin + Vig 20 


The procedure is to solve the first equation for |} oA: 
the second for ’.,, and then add these solutions to obtain 
the required } 

The first equation appears to be the same as the orig- 
inal equation, but it will be solved only for a particular 
solution which may not be complete. It is because of this 
restriction that it is simpler to solve than the original 
equation. The solution usually corresponds to the steady- 
state terms in the total solution. V2, is called the particu- 
lar solution of the original equation. 

The equation for V2, is called the complementary equa- 
tion and V., is called the complementary solution of the 
original equation. It usually contains the transient terms 
of V.. 

To solve for V., first notice that V.,4 or its derivative 
must have some term which is a number times ¢. Let us 
assume a particular solution and try it. 


If Vou = \/ 
then Vee mA 


B. where A and B are constants 


And the equation becomes: 
1A+AI+B a4 


However. if this is to be a solution for all values of time. 
then it follows that 


At 21 
and 


from which 
1 =2andB — § 


so that V., = 2¢ — 8 is a particular solution. 


To solve for V2, write the complementary equation as: 


AVen = — Vow 


The solution of this equation must be a function of time 
which. when differentiated. equals itself times a constant. 
Such a function is: 
Vox = Cet 
for Ven = DCe” 
where C and D are constants. Substituting this solution 
for V., gives 
1DCert Cet 
or ADC 
I 


ow dD = 
1 


Therefore V2.7, - 
tary equation. 
To evaluate C will require applying the initial condi- 


CE''* is the solution of the complemen- 
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Fig. 37—Response of simple elec- 


tric circuit to ramp voltage input. 


tions to the complete solution. To finish the job of solving 
tor-F,, 

\ Ves + Ves = 2-8 
The initial conditions are that V. 
fore at tf QO. 


QO att QO: there- 
l; 0 0 8 Ce 


or 0 C 8 and C & 


since e raised to the zero power is 1. 
The complete solution is therefore: 
\ 2! 8 be! 


This solution is plotted as the dotted line in Fig. 37 so 
that it can be compared with the previous approximate 
solution. 


Method 3: Laplace Operational Calculus. Laplace 
operational calculus is a method of transforming a time 
differential equation into an equivalent algebraic equa- 
tion. which can be readily solved. The solution of the 
algebraic equation is then transformed in reverse (called 
“inverse transforming”) into its corresponding time 
variable to give the desired solution. This process is not 
involved but to understand it and see its basis requires 
a knowledge of complex number theory and so we will 
only demonstrate its application here.* 

The following is a partial table of transforms contain- 
ing all the transformations needed for this problem: 


Real Quantity Transformed Quantity 
Ve \ 


28 


SVes — V.(0) 


In this table. S is an algebraic variable and is the variable 
in the transformed equation that corresponds to ¢ in the 
original equation. The variable V, transforms from a 
function of time to V.. which is a function of S. The first 
time derivative of V., transforms to S times the transform 
of V. minus the numerical value of V, at ¢ = O (the 
initial condition of V.) which is symbolized by V’.(0). 
Notice that the operation of taking a derivative has trans- 
formed into the operation of multiplying by S and sub- 


*An excellent text on this subject is ‘‘Modern Operational Mathematics in 
Engineering’’ by R. V. Churchill. 
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) 
emees 


38—Analog computer symbols. 


Fig. 39 (left) Initial 
steps in solving problem 
by computer. 


Fig. 40 ‘(below )—Com- 


plete solution of problem 
by computer. 


To recorder 


tracting a constant. A number transforms into the same 
number divided by S. As shown in the table. an exponen- 
tial decay transforms into a simple fraction in S. The 
table will be used for both the transforming and inverse 
transforming processes. 

The differential equation and given initial conditions 

1Ve +) 2 V.=0@it=0 

are transformed term by term in terms of an algebraic 
variable S to give: 


1S Vos 0 + Ves = 


» 
& 


This equation can be rewritten as: 
9 
Ves : eS 
SUS + 1) 
By transforming this equation, the desired solution is 
obtained. To facilitate this operation the equation is re- 
written as 
oO 2° 
8 Ie 
Vos se ; 
S (AS + 1) 
The reader can verify the last step by placing all the terms 
in the last equation over a common denominator of 
S?(4S + 1). (To see how the equation was deduced. look 
up “partial fractions” in any college algebra or calculus 
text. } 
To facilitate the inverse transformation using the table, 
the equation is now rearranged 


a -2(%)-a(;)+ (5 5 i) 


Inverse transforming term by term gives: 


42 =2@ - 


or by = 24—8 4+ 8 eas derived previously. 


Method 4: Use of an Electronic Analog Com)puter. 
Involved time differential equations are often solved by 
general purpose electronic analog computers whicl\ are 
essentially mathematical models of the equation. 

To solve the equation on hand, a few devices \are 
needed that are readily available in an electronic anal&g 
computer. Each of these devices has a symbol. Man} 
systems of symbols are in common use, but those shown 
in Fig. 38 are typical of those used for the initial problem 
setup on a computer. Symbol (a) is for multiplication of 
a voltage by a constant, in this case —7, so that for the 
device shown 

Vo= —-ZTYV, 

Symbol (b) is for a device that produces an output 
voltage V, that is the sum of two input voltages, V and 
V.. Its equation therefore is 

Vo = Vi + Ve 


Symbol (c) is for a device that integrates with respect 
to time, abbreviated as 1/P as discussed before. In this 


case 
Vv. = J V, dl 


Ordinarily there are provisions for the insertion of a 
constant of integration but that will not occur in this 
problem. 

In each device the input and output signals are volt- 
ages. The devices themselves are various forms of very 
stable high gain d-c amplifiers with negative feedback 
around them. 

The method used to connect these devices together to 
solve the equation assumes that the highest derivative 
term in the equation is known and then forces the com- 
puter elements to generate the assumed highest derivative. 

The equation 4 V, + V, = 2 ¢ will be used in this 
form: 


The first step is shown in Fig. 39. At the left is shown 
a method of obtaining a voltage signal that varies as the 
2t¢ term. This is done by time integrating a fixed signal 
of 2 volts with respect to time. At the right V. is gen- 
erated by time-integrating the assumed signal ).. 

Now, if 2¢ and V., are combined to form the term 
(2 — V.)/4, V. will be determined. In Fig. 40, V. is 
multiplied by —1, added to 2¢, the sum is multiplied 1/4 


and the resultant signal is the V, originally assumed. 

To solve the equation, the switch is closed causing 2¢ 
to build up. The |} 
run by a clock motor and the recorder trace is then an 
accurate plot of V. as a function of time. 


In conclusion, this is calculus 


. signal is fed to a recording device 


a mathematical tool of 
great flexibility and value. Its elements are simple, its 
details infinite, and its importance in engineering grows 
everv day. The engineer of today must have more than 
a nodding acquaintance with it and should never hesitate 


Nanna 


to question its application. 
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Review of 
Environmental Test Equipment 


JOHN CAMMARATA 


ArmA Division, AMERICAN BoscuH ArmA CORPORATION 
Roosevelt Field, New York: 


Points to consider in specifying environmental test equipment 


of various types. Environmental equipment manufacturers and 


their products are listed for ready reference. 


MANUFACTURERS OF ALMOST ALL TYPES of products must 
assure themselves during the design stage that their 
products will operate at the environmental extremes 
these products will be exposed to as they are moved 
about the country and world. This problem, needless to 
say. is magnified many times in importance for manu- 
facturers of strategic equipment used by the military 
where, perforce, the horizons are worldwide and where 
lives depend upon positive operation of equipment. To 
assure themselves of the adequacy of their design, it 
is desirable to create these environmental conditions 
artificially so that the performance of their equipment 
can be evaluated in the laboratory under ideal working 
conditions to permit optimum results. This technique 
permits the design engineer to put his equipment through 
its paces and make any modification and improvement 
necessary to insure its performance under the extremes 
of temperature, altitude, humidity, fungus, salt sea at- 
mosphere, sunshine, rain, radio interference, shock, vi- 
bration, explosive atmosphere, sand and dust. etc., and 
any natural combination of the aforementioned. 

The rapidly increasing need for environmentalization 
of products, both civilian and military, has created a 
new multi-million dollar industry. As a result, environ- 
mental equipment manufacturing firms are springing 
up all over the country. Companies that have in the 
past produced general test equipment have created new 
divisions whose sole output is environmental test equip- 
ment. 

The design and construction of this specialized test 
equipment is in itself most trying for the engineers and 
designers. The latest materials and design techniques 
are employed, and this is no field for fly-by-night mer- 
chants. If a product is to be tested to a gruelling 30- 
day humidity cycling exposure, the test equipment that 
produces this environment must be designed and con- 
structed so that it will be able to reproduce this ex- 
posure cycle many times during its normal life as test 
equipment. A salt spray chamber designed to test the 
corrosion resistance of a product to a salt sea atmosphere 
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must not itself fall apart after a few such exposure tests. 
The extended vibration ranges introduced by jet aircraft 
requires proof testing at frequencies up to 2000 cps 
and beyond. This requirement alone has revolutionized 
the field of vibration test equipment by the introduction 
of gigantic size electrodynamic shakers. These examples 
demonstrate only a few of the simulation requirements 
which are trying the resources of environmental test 
equipment designers. 

Specifications. Military specifications today spell out 
the type and extremes of environmental conditions to 
which equipment is to be subjected. The test equipment 
required to simulate these conditions has its perform- 
ance requirement well defined. A survey of the specifica- 
tions illustrates present day thinking as to the importance 
of environmental simulation. 

For the convenience of the reader a tabulation of 
prevailing environmental specifications is presented in 
Table |. Specifications are listed which cover the general 
environmental tests most commonly specified today. The 
specifications which cover major components are in- 
cluded and call out environmental conditions which these 
components must meet in order that they qualify as 
MIL approved parts. 

For specialized environmental tests such as shock, vi- 
bration, and radio noise: separate specifications have 
been written to cover particular applications. For ex- 
ample, vibration phenomenon as experienced on ship- 
board is sufficiently different than that on an aircraft 
that an all inclusive specification would result in un- 
economical design. Therefore the separate requirements 
are embodied in different specifications. 

Categories of Environmental Test Equipment 

The test equipment required to simulate environmental 
conditions can be generally classified into two types, 
atmospheric and the mechanically induced. Atmospheric 
units can produce the following environments: high 
temperature, low temperature, altitude, humidity, salt 
sea atmosphere, fungus, rain, sunshine, and radio inter- 
ference. Mechanically induced type environments include: 





Classification 


Specification | 


Table I—Military Equipment Specifications 


SS eee eo 
| 


Title 





General 
equipment 


Electron tubes 


Capacitors 


Resistors 


| Mil-E- 
| 5272A 


| Environmental 
| nautical and associated equip- 


testing, aero- 


ment, general specification for 





Mil-E-4158 | 


U. S. Ai 


Force Spec- 


| ification 


? 
| 
| 
i 


Bulletint05 | 


Mil-E-5400 


Mil-E- 
16400 


Mil-E-1 
Jan- $-28 


Mil- a 3080 
Mil-E-4682 


Mil-C-5 
Jan-C-20 


Mil-C-25 


Jan-C-62 
Jan-C-81 


Mil-C-91 
Jan-C-92 
Mil-C- 


10850 


Mil-C- 
11015 


Mil-R-11 


Jan-R-19 


| Mil-R-22 


| Mil-R-26 


Mil-R-93 


Electronic ‘equipment, ground, 
general requirements for 


Application of specification Mil- 
E-5272, environmental tests 


Environmental testing of air- 
borne electronic equipment 


Environmental 
niques 


testing tech- 


General specifications for air- 
borne electronic equipment 


Electronic equipment, naval ship 
and shore, general specification 


Electron tubes 

Sockets for electron tubes 
Tubes, current regulating 
Electron tubes 

Capacitors, fixed, mica dielectric 


Capacitors, fixed, ceramic di- 
electric 


Capacitors, fixed paper dielectric 
(hermetically sealed, metal case) 


Capacitors, dry electrolytic 


Capacitors, 
dielectric 


variable, ceramic 


Capacitors, fixed paper dielec- 
tric, (non-metallic cases) 


Capacitors, variable, air dielec- 
tric (trimmer capacitors) 
Capacitors, fixed, mica dielec- 
tric, button styles 


Capacitors, fixed ceramic dielec- 
tric (general purpose) 


Resistors, fixed composition (in- 
sulated) 


| Resistors, variable, wire-wound, 


| Resistors, fixed 


low operating temperature 


Resistors, variable ( wirewound, 


power type) 


(wire-wound, 


| power type) 


Resistors, fixed 
accurate) 


- (wire-wound, 





| Jan-R-94 
" Jan-R- 184 


} 


| Mil-R- 
| 10683 


Resistors, variable composition 


' Resistors, fixed 


(wire-wound, 


low power) 


! Resistors, fixed 


( composition 
film, very high frequency) 





| Mil-R- 
| 15401 


Resistors, fixed (composition, 


! uninsulated) 


Classification 


Transformers 


and inductors 


Relays 


Pneumatic 
systems 


Radio inter- 
ference 


Shock and vi- 
bration (Special 
in addition to 
shock and vibra- 
tion tests in- 
cluded in gen- 
eral specifica- 
tions above) 


Specification 
Mil-T-27A 


Mil-R-5757 


" Mil-R-6106 


Title 


Transformers and inductors 
(audio, pewer, and pulse) 

Relays, armature (for electronic 
and communication equipment) 


| Relays, electric aircraft 
(general) 





“Mil-R-6742 | 


Relays; aircraft 115/200 volts 


| a-¢ or 120 volts d-c 





“Mil-P-5518 | 


Pneumatic systems; design, in- 


| stallation and tests in aircraft 


Mill. 
6181B 


Interference limits, tests and 
design requirements, aircraft 


| electrical and electronic equip- 
| ment 


Mil-I- 
16910A 


AN-M-10a 
Mil-I- 
16165C 
Mil-S-901B | 


Interference limits and methods 
of measurement, aircraft radio 
and electronic installation 
Interference limits, aircraft : and 
vehicular engine, radio 


Suppression requirements. ‘for 
electrical and electronic equip- 
ment (except internal combus- 
tion engine driven equipment) 
Interference measurements, ra- 
dio, methods and limits; 14 kc 
to 1000 mc 

Motors, aircraft direct current, 
28-volt system 


Interference shielding, ‘engine 
electrical systems 


Shock-proof equipment, ‘class 


| high impact, shipboard applica- 
| tion 


Mil-C-172B | 


Mil-E- 
5009A 


Mil-T-4807 
(Amend- 
ment ») 


66-S-3 
(Navy) 


Mil- To. 
| 17113 
| (Amend- 
| ment D 


| 40T8 


Salt epray 


Lighting 


AN-QQ-A- | 
| 696a 


-|—— 


Mounting bases and isolators 
Engines, aircraft, turbojet, quali- 
fication tests for 


Vibration ‘and shock tests for 
ground electronic equipment 


Shock-proof equipment, class 


| HI (high impact), tests for 


Shock, vibration and inclination 
tests (for electronic equip- 
ment) 


Shock, ‘vibration and inclination 
| tests (for special equipment) 

| Corrosion protection for alum- 

inum alloys 

| Metals, ¢ general specification for 

| inspection of 


Salt spray corrosion test, proc- 
ess for 

“Plate, plastic, cockpit and in- 

terior controls lighting 





shock, vibration, acceleration, radio interference, explo- 
sion, and acoustic. 


Procurement of Environmental Test Equipment 

In general, specifications for environmental conditions 
spell out minimum limits which the test equipment 
must duplicate in order that the instruments or prod- 
ucts under test can be evaluated. These limits generally 
define the design limits for the environmental test 
equipment also. In purchasing test equipment, applica- 
tion of these limits must be handled judiciously in order 
that the subject equipment not be marginal in design. 
In addition, the equipment must have the extra reserve 
and economically reasonable flexibility built into it so 
that it can be used for projects to follow the one for 
which it was purchased. These factors should be given 
major consideration during planning and procurement. 

Evaluation of equipment from bids is too often 
handled haphazardly, with price being the only major 
consideration. As important as a factor price may be 
in purchasing equipment, it must be given its due worth 
and value when stacked up against other factors in the 
proposal. The most direct and all-inclusive method of 
evaluating bids is to tabulate the salient points of each 
manufacturer’s equipment on a sheet of accounting or 
suitably ruled paper. It is then possible to look across 
the listing and weigh each item in accordance with its 
importance. This procedure unquestionably puts the en- 
gineer in a better position to choose the best overall 
“buy.” A method of tabulation of this type also assures 
that each manufacturer has bid on the same thing. This 
factor must not be taken lightly: it is only by a written 
specification distributed to vendors that one can feel 
assured that the same requirements were forwarded. 
This phase of the engineers’ responsibility has been 
covered in detail in an article by the author titled, “The 
Engineer’s Role in Purchasing” which is to be published 
soon in the magazine Purchasing. 

In procuring test equipment for any of the environ- 
ments, it is well to consider several basic factors before 
the final size or capacity is selected. One factor is what 
size is required to accommodate the present products. 
Secondly, will this test equipment accommodate future 
models? Next, is this same test equipment to be used 
to accomplish sample testing of production quantities 
in addition to qualification testing and development work 
on the prototype? Will it be necessary to increase the 
severity of a certain exposure within a year or two? 
The answers to these questions define the test equipment 
parameters and should result in equipment being pur- 


chased which is economically feasible for present op- 
eration and which will not become obsolete within a 
year or two. 


It may be anticipated, for example, that a future 
product to be tested may be an advanced model em- 
hodying two complementary instruments in one unit 
which although having less cubage than the two present 
units added together, is about 50 per cent larger than 
the largest of the single units. A chamber chosen just to 
accommodate this original single unit would not meet 
the requirements of the advanced model since the 50 
per cent volume of chamber interior would be exceeded. 
Therefore, the next larger chamber should be chosen. 
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Table tl—Considerations in Specifying 
Environmental Test Equipment 


GENERAL 


Area wherein equipment is to be located, air conditioned 
(refrigeration equipment must dissipate heat, power ampli- 
pee — high values at high force rating on vibration 

es 


Special footings may be necessary for some equipment such 
as compressors, shock machines, “brute force” vibration 


tables 
Power supply to equipment, surges for large compressors 
Water supply lines 
Waste lines 


Pneumatic supplies are required for some type recorder con- 
troller units 


Non-hazardous location in event of blow-off of safety cap on 
explosion chamber 


Multiple enclosure for sand and dust machine to prevent area 
becoming a simulated desert 


Overhead in area where machines are to be located should 
be specified to manufacturer. 


Maximum door opening to laboratory and plant must be 
specified. (final assembly may be done in plant after pre- 
fabrication at vendor’s shop) 


CHAMBERS 
Interior free working volume 
Illumination, interior or exterior 
Door opening, full end, side, top 
Viewing windows 
Low temperature limit 
Pull down time in steps, i.e. —65 F, —100 F 
Dead mass, material, weight 
Dissipation of equipment under test, intermittent or constant 
Ports for cables 
Terminals for power, signal, high voltage, and coaxial leads 
Shafts 
Material access ports 
Dummy mounting panels 


Type of recorders, degree of accuracy, bulb or electronic 
potentiometer 


Recorder controllers, programming controllers, type of heaters. 
tubular or exposed 


Specify maximum surface temperatures to insure no radiant 
heating effects 


Specify heater type and location to prevent burnout in event 
water drops on elements 


Blower or fans to prevent stratification of air in chamber 
Adequate circulation at low pressures 


Specify humidity generator, steam boiler or heater in water 


bath 
Specify sensing elements in accordance with accuracy required 
Personnel safety devices in walk-in chamber such as intercom- 
munications set, alarm switches, internal door latches, altitude 
cut-outs 


Equipment safety devices such as low pressure cut-out, high 
temperature cut-out, low water cut-off, high pressure cut-offs 


Noncorrosive chamber liner for particular applications 
Method of opening and closing doors, manual, pneumatic, 


electrical. 
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Name 


Ace Screen Room Inc. 
3644 N. Lawrence St., 
phia 40, Pa, 
Aireco, Inc. 
2315 2nd Ave., 
nectady 3, N. Y. 
All American Tool & Mfg. Co. 
ta Lawndale Avenue, Skokie, 
l. 
Alpha Electric Refrigeration Co. 
1115 East Seven Mile Road, 
Detroit 3, Mich. 
American seipameet Co., Inc. 
Silver Spring, Md. 
American Research Corp. 
Bristol, Conn. 


Philadel- 


Carman, Sche- 


Atmosphere Control Co. 
5315 Chester Ave., Philadel- 
phia 43, Pa. 


B. T. U. Engineering 

440 Somerville Ave., oe ille 
43, Mass. 

Barry Controls, Inc. 

700 Pleasant Street, Watertown 


50 Church St., New York 7, N.Y. 
Blue M Electric Co. 


138th & Chatham St., Blue 
Island, Ti. 

Bowser, Inc., Technical Refrig- 
eration Div. 


Terryville, Conn. 
The Bristol Co. 
113 Bristol Road, Waterbury 
20, Conn. 
Brush Electronics Co. 
Dept. A-33, 3405 Perkins Ave.., 
Cleveland 14, Ohio 
Calidyne 
120 Gross St., Winchester, Mass. 
Carrier Corp. 
Syracuse 1, New York 
Case Refrigeration Co. 

27th Ave. and 18th St. Dept.CM, 
Long Island City, N. Y. 


Century Engineers 
2741 North Burbank St., Bur- 
bank. Calif. 


Central Scientific Co. 

1704 Irving Park Blvd., Chi- 
cago, I. 

Airtemp Div., Chrysler Corp. 
Dayton 1, Ohio 

Cincinnati Sub-Zero Products 
3932 Reading Road, Cincinnati 
29, Ohio 

Conrad, Inc. 

141 Jefferson Street, Holland, 
Mich. 
Consolidated 
Corp. 

300 North Sierra Madra Villa, 
Pasadena, Calif. 

Consolidated Vacuum 
Rochester 3, New York 

Dean Products, Inc 

. Dean Street, Brooklyn 38, 
N 


Electrodynamics 


Development Engineering Co. 

9 Cross Street, Norwalk, Conn. 
Distillation Products Industries 
739 Ridge Road West, Rochester 
3. MM. ti 

Electronics & Instrumentation 
Div. Baldwin-Lima-Hamilton 
Corp. 

806 Massachusetts Ave., Cam- 
bridge, Mass. 





EH 


EM 


EE 


HIC 


HB 


LEG 


MB 


MH 


MIC 


Code 


Name 








Electric Hotpack Co. 

Cottman Ave. at Melrose St. 
Philadelphia 35, Pa, 

Empire Devices Products Corp. 
oe Bell Blvd., Bayside 61, 


Environmental Equipment 
Corp. 

369 Linden Street, Brooklyn 27, 
RY. 


Fisher Scientific Co. 

717 Forbes St., Pittsburgh, Pa. 
The Foxboro Co. 

463 Neponset Ave., Foxboro, 
Mass. 

Geniseo Inc. 

2233 Federa! Ave., Los Angeles, 
Calif. 

Harris Refrigeration Co. 

365 Walden Street, Cambridge. 
Mass. 

Hathaway Instrument Co. Sub. 
of Hamilton Watch Co. 

1315 South Clarkson, Denver, 
Colo. 


Heiland, A division of Minne- 
apolis-Honeywell 

5200 E. Evans, Denver 22, Colo. 
Hudson Bay Co. Div. of Lab- 
line, Inc. 

3070 W. Grand Avenue, Chi- 
cago 22, Il. 

Ideal Laboratory Tool and Sup- 
ply Co. 

Cheyenne, Wyo. 

Illinois Testing Laboratories, 


Ine. 

420 North LaSalle St., 

10, Ti. 

Impact Register Co. 

P. O. Box 445, Champaign, Ill. 

— Filter & Pump Mfg. 
Galt Fog Corrosion Test 

Ey uip ) 

5002 Ogden Ave., 

Tl. 

International Radiant Corp. 

40 Matinecock Ave., Port Wash- 

ington, N. Y. 

Jewett Refrigeration Co. Inc. 

4 Letchworth, Buffalo, N. Y. 

Kinney Manufacturing Div.., 

The New York Air Brake Co. 

Washington St.. Boston, Mass. 

Krouse Testing Machine Inc. 

575 E. 11 Ave., Columbus 3 

Ohio 

L. A. B. Corp. 

P. O. Box 278, Skaneateles, N-Y. 

Labline, Inc. Chicago Surgical 

and Electrical Co. 

3070-82 W. Grand Ave., Chi- 

cago 22, Ill. 

Lance Products 

Box 251, Forest Hills 75, N. Y. 

Ling Electronics 

5120 West Jefferson Blvd., Los 

Angeles 16, Calif. 

Link Engrg. Co. 

13850 Elmira St., 

Mich. 

M B Mfg. Co. 

1060 State St., 

Conn. 

McLeod & Henry Co.. Inc. 

25 Monroe Street, Troy, N. Y. 

Meriam Instrument Co., The 


10920 Madison Avenue, Cleve- 
land 2, Ohio 


Chicago 


Chicago 50, 


Detroit 27, 


New Haven II, 


Table ili—Check List of Manufacturers of Environmental Test Equipment 








MM 


NE 
NJD 


Code 





Name 









Midwestern Instruments 

4ist and Sheridan Road, Tulsa, 
Okla. 

Minneapolis-Honeywell Regula- 
tor Co. Industrial Division 
Wayne and Windrim Ave., 
Philadelphia 44, Pa. 

Modern Laboratory Equipment 
Co. Inc. 

1805 First Ave., New York 28, 
i ie 


Murphy & Miller, Inc. 

‘g S. Michigan Ave., Chicago 
5, Il. 

New England Trawler Co. 
Eastern Ave., Chelsea 50, Mass. 
ped Jersey Dynamic Testing 


Box 32, Livingston, N. J. 
Nucledyne Corp., Div. 
Electric Co. 
1457 ory Parkway, Chi- 
cago 14, Ill. 
7 ay Co. 

6 Caputo Lane, San Jose, 
Calif, 
Perkin-Elmer Corp. 
Norwalk, Conn. 
wg eration Systems, Inc. 

46 W. Washington Bivd., Chi- 
os Til. 
Rucker Mfg. Co. 
4700 San Pablo Ave., 
Calif 


Cook 


Oakland, 


Schaevitz Engineering 
Camden, N. J 
Shielding, Inc. 
x 217, Riverside, N. J. 
Sonntag Scientific Corp. 
13 Seneca Place, Greenwich, 


Conn. 

Ivan Sorvall, Inc. 

P. O. Box 230, Norwalk, Conn. 
Standard Cabinet Co. 

- Washington Ave., Carlstadt, 
N. J 


Statham Laboratories, Inc. 
9328 Santa Monica Blvd., Bevy- 
erly Hills, Calif. 

Stoddart Aircraft Radio Co. 
6644 Santa Monica Blvd., Holly- 
wood 38, Calif. 

Taylor Instrument Co. 

95 Ames Street, Rochester 11, 
N. Y 


Tenney Engineering, Inc. 
1090 Springfield Road, Union, 
N. J. 

Thwing-Albert Instrument Co. 
5350 Pulaski St., Philadelphia 
44, Pa 

Trop-Arctic Temperature Prod- 
ucts 


627 S. Mulberry St., Muncie, 
Ind. 
Vibration Specialty Co. 


1536 Vine St., 
Pa. 

Webber Manufacturing Co., 
Inc. 

2740 Madison Ave., 
apolis 3, Ind. 


oo Electric Corp. 


Philadelphia 2, 


Indian- 


P. 0. Box 868, Pittsburgh 30, 
Pa. 
York Corp. 


Purchase Street, York, Pa. 


Young Testing Machine Co. 
P. O. Box 233C, Bridgeport, Pa. 





it may be well to mention at this time that a 64 cu ft 
chamber may be purchased for approximately 2.5 to 3 
times the cost of an 8 cu ft chamber having the same 
operating characteristics. 

Another area for caution is altitude chambers. Al- 
though existing specifications call for simulated altitude 
of 60.000 ft for manned aircraft instruments: the com- 
pany may be bidding on missile contracts where it would 
be expedient to have altitude simulation capabilities of 
200.000 ft or more. This added altitude range can be ob- 
tained for a small percentage increase in cost over that of 
a chamber of 60,000 ft capability when the equipment 
is first built. The advantages here are twofold inasmuch 
as a savings is realized and an advanced capability in 
equipment on hand can be stressed by sales personnel 
of the company. This alone can be an influencing factor 
in evaluating a company for future contracts. 

In the field of vibration equipment, although some 
specifications spell out tests to 500 and 600 eps, it is 


Table IV—Environmental Equipment Directory 


Type of Basic test Accessory 
environ- equipment equipment 
ment manufacturers manufacturer 
High temp- AER, Al, AIR, AR, AT, Al, BRC, CS, EH, 
erature BTR, BTU, C, CA, CC, CR, | FC, FS, IT, MH, 
CS, CSZ, D, DP, EE, EH, | TI. 
FS, HB, HR, IR, M, ML, 
MM, NU, TE, SC, WM, 
YC. 
Low temp- _ AER, Al. AIR, AR, AT, Al, BRC, CS, DP, 
erature BTR, C, CS, CSZ, D, DP, | FC, FS, IT, MH, TI. 
EE, FS, HB, HR, IR, JR, 
M, ML, MM, NU, RS, SC, 
TAT, TE, WM, YC. 
Altitude AER, Al, AIR, AR, AT, Al, BR, BRC, CS, 
BTR, C, CS, CSZ, -D, DIS, | DIS, FC, FS, IL, 
EE, FS, HB, HR, IR, ML, | KM, MIC, MH, TI. 
MM, NU, TE, WM, YC. 
Humidity AER, Al, AIR, AR, AT, | Al, BRC, CS, FC, 
BME, BTR, C, CS, CSZ, D, | FS, IT, MH, TA, TI. 
EE, FS, HB. HR, IR, ML, 
MM, NU, SC, TE, WM, YC. 
Salt sea D, EE, IR, NU. 
atmosphere 
Fungus Al, BTR, CS, D, EE, FS, | Al, BRC, CS, FS, 
IR, ML, MM, NU, TE. MH, TI. 
Rain EE; IR; TE. BRC, MH. 
Sunshine EE, IR. BRC, MH. 
Radio in- EM, SA. AC, EM, SA, SH. 
terference 
Shock BC, CO, HT, NE, NJD, TA. | BC, BEC, CAL, CEC 
El, GN, IR, MB, 
Mi, SE, TA. 
Vibration AAT, CAL, CE, KT, LC, | BC, BEL, CAL, CEC, 
LE, LP, VS, WE, YT. El, GN, LE, MB, 
Mi, OP, SE, WE. 
Accelera- GN, RU, SE, SL. BEC, CAL, CEC, El, 
tion GN, HIC, MB, MI, 
RU, SE. 
Explosion BTR, EE, IR, ML, NU, TE. 
Sand and AR, BTR, EE, IR, NU. BRC, MH. 
dust 
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advantageous to obtain generator equipment which will 
go to 2000 cps for only a fraction more cost. This think- 
ing can be extended further by considering the intro- 
duction of “white noise” testing wherein power ampli- 
fiers are necessary and hence would be more desirable 
than rotary supplies. 

The advantages and disadvantages of equipment ver- 
satility should be weighed. A combination temperature, 
altitude and humidity facility can be obtained in one 
chamber. Is it worth tying up an expensive piece of 
test equipment for a long humidity run when it could 
be used for other test work on temperature and_allti- 
tude? Or does it pay to get a separate humidity chamber 
for this purpose at a fraction of the cost of the tempera- 
ture-altitude box? The answer to this question could be 
negative if it means that a very complicated setup has 
to be moved to another chamber to run a humidity test 
after a temperature-altitude run, plus having the tem- 
perature altitude box empty because there is no other 
work for it. These examples are mentioned to stimulate 
the type thinking that should go into planning equip- 
ment procurement. 

Salient points in specifying equipment to produce var- 
ious environments are listed in Table II. 


Environmental Test Equipment Manufacturers 


To prov ide a ready reference for future use. a coded 
directory of environmental test equipment manufacturers 
is presented in Table Ill. This list includes the names 
of manufacturers in the United States best known to 
the author at this writing: it does not include custom 
manufacurers and consultants who have built environ- 
mental test equipment. 

The manufacturers’ listing is coded to facilitate list- 
ing in the equipment directory. Table IV, in which the 
types of test equipment are as defined under Categories 
of Environmental Test Equipment. 


Future Trends 


Individual laboratory environmental tests are valuable 
in telling the designer how well his equipment will op- 
erate when exposed to these conditions under actual 
usage. However. the realism of these tests should be 
explored to the utmost. Is it sufficient to expose a prod- 
uct to only an altitude test of 40,000 ft without also 
producing the accompanying low temperature found at 
this altitude? What additional forces are superimposed 
on a vibrating wing structure of a modern jet while 
pulling out of a dive. which imposes additional g forces 
due to acceleration? It is evident the next step in re- 
producing the “eventual” environmental condition is to 
combine the individual conditions and expose the prod- 
uct to this combination in the overall effort of true 
simulation. 

Some manufacturers have already produced some 
of this type equipment. Vibration-temperature combina- 
tions and vibration. temperature, altitude combinations 


(Continued on page 376) 















Mechanical Design Considerations 
for Automatic Control 


{chieving stability and accuracy in closed- 
loop servo controls involves comprehen- 
sion of mechanical factors as well as 
electrical. The designer of automated ma- 
chines needs to know how to compensate 
for back-lash, wind-up, stickiness. friction. 
deflection, vibration, and inertia of moving 
parts if human judgment is to be sup- 


planted successfully by electrical controls. 


L. U. C. KELLING and G. L. ROGERS 
Engineering Section, Specialty Control Department 


Generar Evectric Company, Waynesboro, Virginia 


TO SURVIVE IN FACE OF the decreasing ratio of work 
force to population, American industry is adopting, more 
and more automatic processes and material handling 
between processes. Machines and controls for automatic 
operation therefore take on added responsibilities. Let us 
examine some of the mechanical aspects of systems needed 
to realize the benefits of automatic processes as they are 
related to the electrical control systems particularly of the 
servo type. 

Automatically programmed machine tools point up the 
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major design problems. No longer can the human opera- 
tor be depended upon to use his judgement to “bump” a 
handwheel “a little bit” for precise positioning or to 
“slip-in” a cigarette paper at the proper place and time. 
Even the most sophisticated control which can be conceiv- 
ed is still a pretty dumb operator compared to a skilled 
machinist. All that the control system can do is to 
remember and follow a predetermined set of instructions. 
“thinking” and modifying those instructions in terms of 
fixed rules. However, so long as the pattern remains 
stable, the automatic control system can repeat its opera- 
ting sequence indefinitely without fatigue or mistakes. 
Errors it can make, but not mistakes. No longer can we 
think in terms of an operator correcting for lost motion, 
deflections, vibration, misalignment, etc., particularly 
when there are variations with temperature, humidity, 
dirt, or for just no apparent reason at all. 

While deficiencies of machine tools are perhaps irritat- 
ing but tolerable during manual operation, these defi- 
ciencies become more and more nearly impossible to cope 
with as increased precision and greater production are 
called for under automatic control. Such mechanical 
aspects as backlash, wind-up, friction, vibration and de- 
flections need improvement. Let us examine how some of 
these affect performance and what might be achieved in 
the way of improvement. 

Backlash and Wind-up. As used here backlash may 
be defined as the total free play between the motion of 
a machine element and the motion of its driving unit 
electric or hydraulic motor, piston or even a hand crank. 
Backlash can usually be resolved into terms of linear 
movement of a machine slide. It includes the effects of end 
play in lead screws, sloppy fit in nuts, slack in gearing and 
general looseness in the drive system. Wind-up, which is 
the motion required to twist shafts and take up other 
deflections in the drive system, shows effects similar 
to backlash and can be lumped together with backlash 
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J 


Wind-up 


for discussion. The differences between the two terms 
will be considered in discussing the effects of stickiness. 

Backlash is most evident in its effects under conditions 
where one of the machine feed motions must reverse its 
direction or stand still. Its effect is just like trying to steer 
an automobile with considerable looseness in the steering 
mechanism. Picture yourself in a “jalopy” trying to stick 
to a line down the highway. As you approach the line 
from one side you must spin the steering wheel to take up 
the play before the front wheels begin to move. While this 
is being done, the car has probably crossed the line and 
when the play is suddenly taken up, an overcorrection is 
made causing a run-off on the opposite side. Consequen- 
tly. you wander along the line in spite of your best efforts. 
even when you can visually anticipate your approach and 
exercise judgment as to how far in advance to start turn- 
ing and how fast to turn the steering wheel. Now, suppose 
you block off the windshield and by means of a mark on 
the steering wheel as a guide, you attempt to put the car 
on a straight line. This is closely analogous to the con- 
ditions under which an automatic control system has to 
operate: only the magnitudes are different. 

The general effect of backlash is to produce an error 
or system instability, or both. In systems utilizing a 
feedback element around the backlash, the error can be 


Backlash 
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reduced considerably below the backlash magnitude but 
the system is more prone to instability, thus imposing 
definite limits on the improvement obtainable. In systems 
in which the backlash is not included in the control loop, 
instability is not a major problem, but the error can 
easily equal or exceed the backlash. 

The presence of backlash in an automatic control 
system sets up limiting operating conditions which over- 
shadow the other system limitations. For instance, con- 
sider a relatively simple positioning system involving 
a motor, a lead screw, mating nut and a machine slide. 

It is possible to accurately measure either the linear 
position of the slide or angular position of the lead screw 
and derive a control signal therefrom. In the absence of 
backlash, it is further possible to utilize the signal to 
quickly stop the drive motor from high speed and position 
its shaft accurately. The order of magnitude of a stop 
from 1800 rpm is easily within one shaft revolution, with 
a stable final angular position better than 1 deg. 
Usually during such an operation, the shaft overshoots 
its final position slightly once and then returns to settle 
down. 

With backlash present but not included in the control 
signal loop, when the motor overshoots its desired position 
the machine slide is moved to the overshot position; but 
when the motor shaft returns to its correct position, the 
slide does not return and is left in error. Correction for 
this error can be made at the expense of speed of response 
by slowing down the system during the final stages so 
that final positioning is done from one direction only 
and at a rate which does not involve overshoot of the 
drive. Compensation can also be made by introducing cor- 
rection factors which may be dependent on speed, friction. 
inertia and other variable effects. Prediction of the proper 
factor would be difficult if not impossible in the face of 
variable operating conditions. 

With backlash present and included in the control 
signal loop. a somewhat different action occurs. When 
the motor overshoots its desired position so does the slide. 
but when the motor returns toward its final position the 
error signal remains since the motor is moving in the 
backlash but the slide is not moving. As a result the motor 
continues to operate to correct the error until the back- 
lash is taken up and the slide moved. In a reasonably 
high-response system the result is a sudden over- 
correction and a continuous oscillation across the correct 
position. The cure is to reduce the system speed or sensi- 
tivity to a relatively low value. Again backlash has im- 
posed a limit on system performance. 

Backlash can and has been reduced in many machine 
tools for automatic operation. There is some question as 
to whether it can be completely eliminated but there is 
also some evidence that, at some minimun governed by 
other machine conditions such as friction, its effects can 
be almost completely eliminated when it is included in 
the system signal loop. 

In attempting to minimize backlash it is important to 
understand its source. In the case of lead screw drives 
the principle sources are play between the screw and its 
nut and end-play of the lead screw. With the usual pitch 
errors the result of attempting to reduce the play by 
tightening, double, split or other adjustable nuts is to bind 
up the drive at some place on the screw and to let it run 
freely or even loosely at another. Improvement of this con- 
dition requires increased precision of machining the screw 
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and nut and better lubricants. Use of heavy oil or grease 
may apparently reduce backlash but may result in slow 
variations in the relative position of nut, screw and 
in high friction levels. The ultimate solution may be the 
use of a ball bearing nut which can be heavily preloaded 
without binding. 

Backlash due to end-play in the lead screw or nut can be 
reduced to a small value by good preloaded bearing tech- 
nique. Ball and roller thrust bearings can be adjusted to 
have essentially zero end-play. 

Another source of equivalent backlash in lead screw 
drives is elongation of the screw. This is really a form 
of wind-up. It is amazing how much a screw can stretch. 
In one case a screw 2-1/2 in. in diam and 8 ft long by 
measurement was found to have stretched some 0.004 to 
0.005 in. under certain operating conditions. This change 
in length was particularly annoying since the amount was 
a factor of the slide position and varied from essentially 
zero at one end of the movement to maximum at the other. 
Correction for this type of condition involves column 
loading of the lead screw and obviously must be designed 
into the machine. 

Machines with rack and pinion table drives usually 
show most backlash between the rack and “bull” gear. 
Some of the methods used in attempting to minimize this 
play have included split gears or split racks with me- 
chanical preloading and double gears or racks with hy- 
draulic preloading. All require extreme precision in 
machining to avoid binding and excessive tooth loading. 

Each drive surface in the feed mechanism is a possible 
source of backlash. Usually. however, because of ratio 
reduction those elements closest to the machine slides are 
the greatest offenders. Good gearing which operates 
quietly seldom introduces appreciable backlash. 

Even pinned and bolted machine parts such as geat 
boxes can show evidence of play which appears in the 
system as backlash. These are likely to exhibit variations 
dependent on speed, inertia, or friction and may be 
particularly elusive to control. 

In addition to those effects which may be classified 
strictly as backlash, elastic deflections play an important 
part in the drive system. Twist of shafting, deflection 
of mounting brackets and even springing of the machine 
main frame may appear as wind-up. The direction to be 
followed in minimizing wind-up is more or less obvious 
use huskier machine members. Much can be done toward 
designing stiffer units without increasing weight. how- 
ever. Weight may be important because of its inertial 
effects. to be discussed later. 


ps 


Stickiness 


Stickiness. Next to backlash, stickiness of the ways is 
the most detrimental and difficult machine characteristic 
to control. It arises from variation in the coefficient of 
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friction between static and moving slide surfaces. In 
general, the force required to move a slide on its ways is 
high just before motion occurs, drops quickly and then 
rises as the speed of sliding increases. If there were no 
wind-up present, this effect might not be particularly 
serious with high performance servo drives since the 
latter are capable of precise speed regulation over a wide 
torque range. 

In the presence of wind-up the action is similar to 
the chattering obtained by pushing a rubber eraser across 
a desk top. Essentially what occurs is that the drive motor 
winds up the spring of the drive system elements 
(principally shafting) until enough torque is obtained 
to break the slide away against static friction. The re- 
quired torque is suddenly reduced and the spring un- 
winds. If conditions are such that the slide then stops. 
the action is repeated, and while the drive motor may 
run at a uniform speed, the slide moves in a series of 
jumps. Usually the control system tends to aggravate the 
condition by attempting to make correction for the jumps. 
The over-all result is that there is some critical speed 
below which it is impossible to move the machine ele- 
ments smoothly. (For a solution to this problem, see p. 
136.) 

Several methods for reducing stickiness have been 
tried. Special high pressure way lubricants have been 
quite successful. There have been reports from Europe 
that impregnating cast iron ways with copper have 
helped tremendously. Synthetic bearing materials have 
eased the problem but are not necessarily an unmixed 
blessing. Roller bearing slides could reduce stickiness. 
but present problems of shielding against chips and dirt. 


Friction 


Friction. Beyond its usual effects (wear, variation 
with operating conditions, etc.) friction within limits 
is not necessarily bad. It tends to introduce mechanical 
damping and assist the control system when speed re- 
duction is required. However, when a speed increase 
is required, friction subtracts from the available ac- 
celerating force. 

Thus friction develops reactions in the system that 
are non-linear in their effects—sometimes aiding, some- 
times bucking the control. An example of how friction 
can aid is its effect on a moving element in conjunction 
with backlash. If the friction level is high enough, it 
will act to dissipate the stored energy in a moving ma- 
chine table, for instance, and slow down the table faster 
than the drive is calling for. This action will hold the 
system against one side of the backlash and tend to 
improve stability during certain portions of the opera- 
ting cycle. 
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Deflection 


Deflection. In addition to those effects classified 
as wind-up, deflections of mechanical members introduce 
additional variables into the control system. These are 
dependent on operating conditions and are difficult to 
compensate. Observation of machine tools reveals some 
amazing deflections in what appear to be very husky 
members. 

On a boring mill. for example, the entire tool slide was 
observed to move several thousandths of an inch when 
the tool encountered a heavy cut well within the capabil- 
ity of the machine under usual operating conditions. All 
slide ways were tight and the movement could only be 
explained by bending of the tool slide, a cast iron struc- 
ture some 6 x 10 in. in section. 

Included with deflections can be actual separation of 
machine parts not adequately clamped. Milling machines 
having heavy moving horizontal tables often depend on 
gravity to hold the table down on its ways. With a work 
piece mounted high above the table, gravity is insufhicient 
and such tables have been observed to lift and tilt under 
the influence of rapid reversal of direction and_ tool 
reactions. 

Sometimes the deflection effects can be included in 
the control system loop and partial compensation 
achieved. Even so, the improvement can be inconstant. 
Inconsistency is probably the most difficult problem in 
automatic control systems. 

Reduction of machine deflections obviously lies in the 
direction of increased rigidity. Much can be done by 
providing a system configuration that minimizes the 
effects of bending. It is important therefore that the me- 
chanical designer be familiar with the entire control 
system and the overall effects of his design. 


Vibration 


Vibration. Closely allied with deflection of machine 
members is vibration. Vibration results from excitation 
of more or less resonant spring members in the machine. 
and since all practical construction materials are elastic, 
its control is difficult. 

Considerable control of vibration can be achieved by 
providing husky machine members, mounting the ma- 
chine on solid foundations and giving careful attention 
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to the job to be done. Sometimes parts carrying prac- 
tically no load have to be made very heavy to avoid 
vibration effects. For example, the tracer head of a con- 
touring machine weighs only a few pounds and carries 
a stylus thrust load of perhaps a maximum of 2 |b, but 
the mounting bracket for this head must be stiff enough 
to carry several hundreds of pounds loading with minor 
deflection in order to avoid vibration effects. 


Inertia 


Inertia. The moment of inertia of rotating members 
and the mass of translating members have considerable 
effects on the performance of the servo-positioning ele- 
ments used in machine control systems. There are usually 
several inertias and masses connected to the driving 
means through mechanisms possessing deflections and 
backlashes. 

The torque of a rotating motor or thrust of a hydraulic 
piston must supply forces to overcome the friction forces 
of the load and acceleration of all of the elements of 
the system. Thus, unnecessarily large masses of inertias 
lessen the peak rate of acceleration, decrease the accu- 
racy and increase the time of system response. Where 
the reflected inertia of the gear train is large, it can fre- 
quently be greatly reduced by using more gear meshes. 

It is advantageous, though more costly, to use lower 
speed electric motors of the same horsepower for driving 
machine positioning elements. These lower speed motors 
can accelerate the total inertia to rated speed much faster. 
\ motor will produce maximum acceleration of a given 
load when the gear ratio is such that the reflected load 
inertia is equal to the motor inertia. Further improve- 
ments in transient performance can be obtained by using 
somewhat larger sources of controlled power to the elec- 
tric motors. 

Mass and inertia, connected to a motor through 
springy. resilient members, can seriously limit system 
performance if the resonant frequency of such a spring- 
mass system fails within or is near the servo bandwidth 
of frequencies of the control system. The resonant fre- 
quency of such systems should be at least 5 cps and 
preferably 20 cps or higher. System bandwidth, accuracy 
and transient performance must be lowered to accept 
mechanical resonances at low frequencies. This resonance 
problem becomes more serious when excessive backlash 
is added in series with the springy machine elements. 

Not all of the mechanical considerations necessary 
when designing machines for automatic control have been 
covered but it is felt that if attention is paid to the fac- 
tors named the gains will be well worth the effort. Errors 
in judgment will be eliminated as well as errors in meas- 
urement and actions. It is hoped that the thoughts ex- 
pressed in this article will stimulate interest in the subject. 
Once there is interest. corrective means will be followed. 
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“Inchworm” Motor Overcomes 
Stick-Slip Phenomenon 


Vagnetostriction effect is used to produce 
a linear actuator for ultra-precise position- 
ing of machine tool slides. By eliminating 
wind-up inherent in lead screws, chatter- 
ing of slides or stickiness due to difference 
between static and running friction is 


largely overcome.t 





inches x |O 6 /inch 
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Annealing process used 
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Fig. 1—Improvement in magnetostriction 
effect in nickel produced by heat treating. 


STICK-SLIP IS ONE OF THE MAJOR PROBLEMS encountered 
in the design of automatic size control on machine tools, 
particularly where a closed-loop servo system is em- 
ployed. The problem is aggravated when there is need for 
extreme accuracy in positioning heavy slides that are 
beefed up to minimize deflection and vibration. 

Stick-slip is the characteristic chatter that occurs when 
a larger force is required to break static friction than 
the force needed to maintain a slow, steady-state velocity 
between sliding members. There is a minimum rate at 
which continuous motion can be maintained. Below this 
rate the motion becomes an incremental one consisting of 
a series of stop-and-go motions. The minimum increment 
of motion obtainable for a given system depends upon 
the ratio of break-loose force to sliding force and the 
system rigidity. For typical machine tools, system rigidity 
is expressed in terms of an effective spring constant, and 
the force ratio is such that motion is usually incremental 
for very slow velocities or from a rest position for dis- 
tances of less than 100 millionths of an inch. The incre- 
mental aspect of stick-slip phenomenon in machine tools 
must therefore be reduced to controllable limits before 
positioning in the millionths-of-an-inch region can be 
accomplished consistently. 

The “Inchworm motor” is a linear actuator designed to 
produce controlled increments of relative motion between 
its two moving parts, either of which can be held sta- 
tionary. A very rigid connection between the two moving 
parts is accomplished. There are no lead screws, split 
nuts. or bearings in the path of force transmission, and 
hence there is a positive improvement in the system 
spring constant due to elimination of the torsional wind- 
up introduced by the lead screw member. The resultant 
system is extremely rigid, yet reversible and essentially 
free of backlash. It is free from the wear-inducing lost 
motions encountered in oscillatory or vibrating systems. 


*Now with Cincinnati Milling Machine Company 
See also “‘Mechanical Design Consideration for Automatic Control 
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Magnetostriction Effect. The design of this actuator 
is based on the phenomenon of magnetostriction, which 
is the change in physical dimensions of certain materials 
when placed in a magnetic field. Lineal and volume 
change occur in materials such as nickel, cobalt, alu- 
minum-iron alloys, and nickel-iron alloys. Nickel pos- 
sesses the quality of axial contraction in the presence of 
a magnetic field while iron expands under the same con- 
ditions. Nickel is best suited to this application because 
it exhibits a relatively large change in length, is readily 
machined and has a high modulus of elasticity. 

Some magnetostrictive effect is obtainable with com- 
mercial grade A nickel but is improved by heat treating, 
which also reduces the nickel to a hardness of about Rock- 
well B28. Figure 1 shows the improvement obtained by 
heating a specimen to 1500 F for 30 min and then slowly 
cooling over several hours to room temperature. It should 
be noted that the heat treatment increases the maximum 
step size somewhat and reduces the magnetic field strength 
required for a given step. 

Since the magnetostrictive contraction of nickel can 
be treated as a mechanical strain, direct calculations can 
be performed to determine forces obtainable from a nickel 
rod of a given cross-section area. Figure 2 indicates the 
magnitude of force per unit cross-section area as 750 
psi for a magnetostrictive constant of 25 10° in./in., 
considered the saturation value for nickel. For a mag- 
netostrictive deflection less than the saturation value a 
corresponding lower force is available. 

Linear Actuator Assembly. The large forces and 
small incremental motions available from the magneto- 
strictive effect were used to produce relative motion be- 
tween a nickel bar and an assembly consisting of a pair 
of clamps separated by a rigid spacer. An electric coil 
to produce the magnetic field is placed between the 
clamps. This arrangement is shown schematically in Fig. 
3, which illustrates the sequence of operations needed to 
produce motion in one direction. 

Figure 4 is a cross-section sketch of the basic actuator 
mounted between two typical machine members. A co- 
axial ball-nut unit provides for coarse positioning of the 
sliding members. After the coarse position is reached, 
the Inchworm motor takes over for fine position control. 

Clamp Design. One of the major problems in obtain- 
ing a controlled and repeatable step size was the design 
of a clamp which did not shift the armature (nickel rod) 
and yet was very stiff in the axial direction. The first 
design incorporated a split-ring type of clamp actuated 
by an air piston. 

The second design consisted of a small cylindrical 
membrane, Fig. 5, which under hydraulic pressure was 
deformed radially inward until it clamped the armature. 
About 2000 psi was required for satisfactory clamping 
action. Since the clamp is coaxial with the armature and 
contact pressures are distributed equally around the 
armature, very small radial shifts are encountered. A one 
million cycle life test of a pair of these clamps showed 
no signs of fatigue failure of the membranes. 

Design Parameters. The physical size of the motor 
is determined by the particular application. The length 


of the motor is determined by the desired maximum step 


size and load. The more load the larger the armature 
cross-section area and the longer the motor required. 
Since lead screws are more compact and cheaper, it is 
felt that the Inchworm motor is most useful when it is 
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Fig. 2—Unit magnetostrictive force available for nickel. 


Fig. 3 (below)—Stepping sequence obtained with Inchworm 
motor. Condition I is the quiescent state, with clamp A open, 
the coil de-energized, and the rod gripped by clamp B. Con- 
dition II is achieved by energizing the coil which pulls the 
free length of rod through clamp A. Clamp A is then closed to 
give Condition III. Condition IV shows the contracted rod as 
before, but the clamp B is now opened. Useful output motion 
is attained by deenergizing the coil which allows the rod to 
expand through clamp B, Condition V. To return to the 
quiescent state, clamp B is again closed (Condition VI) and 
clamp A opened to give Condition I again. This sequence has 
produced one step. In practice, this sequence is performed auto- 
matically in about one second. 
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Fig. 5—Cross-section of hydrostatic membrane type of clamp. 


required to machine work to closer than 100 millionths 
of an inch. An armature having an active length of 4 in. 
will give a maximum step of 100 millionths of an inch at 
light load. 

The smallest step attainable with this motor depends 
upon the constancy of all the parameters which affect the 
step. These include load. coil ampere-turns. and finish 
of the clamping surfaces. Experience has shown that the 
smallest step size is in the order of 10 per cent of maxi- 
mum step for which the motor is designed. 

Figure 6 shows the step size vs load for a particular 
linear motor. It is seen that for a given percent of maxi- 
mum step. the step-size decreases for increasing load. 
This is caused by the change in strains produced in trans- 
ferring the loads from one clamp to the other during 
the step cycle. Each clamp must take up the thrust load 
during the cycle. The step-size available with two typical 
machines is shown. The Cincinnati (CMM) No. 2 center- 
less grinder with ball bearing slide having a friction load 
of 120 lb can be moved a maximum of 90 millionths of an 
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inch in one step. On a flat bed Cincinnati No. 2 machine 
the maximum step is 75 millionths. The curves labelled 
percent maximum step size and relative current show 
step size available vs load by simply adjusting the cur- 
rent in the field coil. The step size required for a par- 
ticular application depends on the rate of compensation 
necessary and the tolerance required. There is a stall- 
out load for each percent of maximum step, found by 
extending the load characteristic to the axis. The maxi- 
mum stall-out load is about 900 lb. 

This figure also shows where the relative losses occur 
in step-size. The largest value is in the thin membrane 
of the clamps. At 500 Ib this deflection is 25 millionths 
of an inch. A little less than 25 millionths is lost in the 
rod and about 10 in the spacer between the clamps. 

Backlash characteristics are very good since no free 
motion exists between the armature and clamps. For 
reversing the direction of travel with a friction load of 
500 lb at 100 per cent saturation, one step is required 
to build up the strains in the reverse direction. The 
amount of backlash is about 100 millionths of an inch 
for a 500-lb load, making this device particularly useful 
in a closed-loop control system. Two such systems have 
been developed. 

Applications. 
diagram for automatic size control is shown in Fig. 7. 


A general closed-loop system block 


It consists of a comparator type gage, a detector showing 
magnitude and direction of deviation from nominal di- 
mension. a programmer for the motor step-cycle, and the 
Inchworm motor to drive a machine slide carrying the 
workpiece. Since the step size is small, the tolerance for 
which this size motor is practical is of the order of 200 
millionths of an inch or less. 

machines. the 
usual method of gaging the workpiece employs _post- 
process gaging. This system requires that the rate of 
change of size of the output workpiece be less than the 


For through-feed centerless grinding 


rate of compensation available from the compensating 
motor. This motor design can provide one step per sec- 
ond, or 100 millionths of an inch per second, which is 
0.006 in. per min. Hence, this unit is particularly useful 
for the compensation of machine characteristics such as 
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distortion due to ambient temperature 
changes, gradual grinding wheel 
wear, and gradual changes in work 
input size. 
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The first application of any Inch- 
worm motor was on a Cincinnati No. 
2 centerless grinder with ball-bearing 
ways. Figure 8 compares the output 


an 


of two runs of several hundred pieces 
in terms of variation from nominal 
The workpiece 
cylinder about *¢ in. 


millionths of 


dimension. was a 


in diam and 
1%, in. long. With compensation, the 
size did not shift as it did without 
compensation. This indicated 
that it is not necessary to employ a 


also 


very long machine warm-up period to 


Maximum step size 


obtain stability of part size, an obvi- 
ous advantage for increasing produc- 
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tion. In this case, a tolerance of 
millionths appears 
stock removal of 
(0.0005 in.). 


The second application was a lab- 


practical, 
500 


oratory set-up for experimentation 

with an old Cincinnati No. 2 center- 

less grinder equipped with a flat slide. Since the sliding 
force was considerably higher, the same size motor could 
only provide steps of the order of 75 millionths of an inch. 
This is still a usable step size for fine control. The work- 
piece was a cylinder about 1 in. in diam and 3 in. long. 

A test run was made with the input selected in three 
size ranges. The depth of cut was set at 500 millionths 
of an inch for 93 pieces to start the run, the input scatter 
being held within 100 millionths of an inch. Then 67 
pieces were ground requiring 700 millionths stock re- 
moval. The remaining pieces required only 300 millionths 
stock removal. After the initial stabilization period (about 
15 pieces) the tolerance was held except for the step 
input change at the 93rd piece. Except for a large scatter 
at the end of the run due to wheel breakdown, the aver- 
age size was maintained close to the nominal size. This 
test demonstrated the ability of the system to compensate 
rapidly for sudden changes in input work size. 

Conclusion. The development of the Inchworm motor 
has resulted in a linear actuator pessessing the unique 
combination of high load capacity and extreme precision 
of motion. The stick-slip phenomenon that has limited 
the usefulness of other positioning devices has been 
brought under much closer control so that where precise 
fits are required the components can be manufactured 
to the closer dimensions required. Elimination of the 
selective fit requirement will open the door to many auto- 
matic assembly operations hitherto considered impos- 
sible. 

Applications of this actuator to other metal working 
and machine control problems are now being explored. 
A broader implication of this development lies in a 
marked reduction of the gap between the ability to meas- 
ure and the ability to control. Applications to medical 


and biological instrumentation also appear very promis- 
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Fig. 7—Closed-loop servo system for automatic size control. 
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for Magnetic 
Component 
Miniaturization 


Significant reduction in size and weight has been attained 
in transformer design by the use of fluorochemical liquids 
and gases in combination with various heat-conduction tech- 
niques. The fluorochemicals combine excellent character- 
istics as coolants with desirable dielectric and physical 
properties. These design methods appear applicable to mag- 
netic components generally, for example. inductors and 


complete power supply packages. 


Table I—Typical High Temperature Magnetic Component Design Applications 


Dielectric system 


Inorganic high temperature. Solid 
dielectric plus fluorochemical liquid 
and vapors. 


Inorganic high temperature. Solid 


Plate transformer 


Low capacity magnetron 


Evaporative cooling plus 


metallic conduction to a 
cold base, 


Evaporative cooling and 


| 


Type of magnetic component | Heat dissipation mechanism | Primary design parameter 


Minimum weight and size, 
maximum reliability. 


Minimum weight, minimum 


dielectric plus fluorochemical liquid filament transformer 
and gas, in a ceramic container-in- 


sulator. 


dense fluorochemical vapor. 


| 


capacity high voltage pro- 
tection. 


ee —|-—_—_——— — 


Inorganic high temperature. Solid High-power audio output | High auto-convection 
dielectrics. ‘“Tailormade”  fluoro- transformer. liquids. 
chemical liquids and gas. 


Minimum volume, maxi- 
mum high frequency re- 
ponse. 


‘of 


Inorganic high temperature. Solid 
dielectrics plus liquid fluorochemi- 
cals, 


Plate transformer. Convection of liquid fill. Minimum volume. 
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HOW CAN MAGNETIC COMPONENTS (see check list, Table 
I) be miniaturized without impairing their reliability? A 
solution to this problem may be indicated by the use of 
liquid and gaseous dielectrics and coolants that can: 

|. Withstand the high operating temperatures reached 

in miniaturized transformers. 

2. Transfer heat at a much greater rate than other 

materials used at present. 

3. Effect a reduction in weight without loss of required 

heat dissipation and dielectric strength. 

This article will the use of fluorochemical 
liquids and gases in the design of miniaturized trans- 
formers that have been found to meet the reliability re- 
quired in today’s optimum equipment designs. Where 
necessary and applicable, suitable conduction techniques 
for heat transfer have been added to the transformer 
design. Basically, the reliability achieved by the employ- 
ment of various fluorochemical-conduction techniques 
stems from the inherent nonflammable and self-healing 
characteristics 


review 


from their 
compatability with all materials commonly used in high- 
temperature 
plies. (1) * 

The transformers described in this article were de- 
signed for operating temperatures of up to 200 C. They 
have operated satisfactorily under steady-state conditions 
at temperatures over 250 C. Improved electrical perform- 
ance has been attained from maximum design utilization 
of the inherently low dielectric constant of the fluoro- 
chemical liquids and the still lower values of the gases. 


of the fluorochemicals. also 


magnetic components and power sup- 


Properties of Fluorochemicals 


Pre-requisite to the use of fluorochemicals in trans- 
former design is an evaluation of their properties. (2) 
It would be necessary to establish these materials as be- 
ing at least equal to conventional transformer hydro- 
carbon oil, if not superior. Table I] compares the dielec- 
tric properties of two fluorochemical liquids against 
silicone oil and transformer (hydrocarbon) oil. Thermal 


*Italic numerals in parentheses apply to Cited References at end of article. 


aging shows no appreciable change in the insulation 
resistance of the fluorochemical liquids. As already noted. 
these liquids exhibit a self-healing property after re- 
peated arcing with no apparent weakening of dielectric 
strength. Their properties indicate that the fluorochemical 
liquids and gases qualify as transformer filling materials. 
In fact, actual operation of fluorochemical-insulated trans- 
formers over extended periods has confirmed the evidence 
presented in the tabulated data. 

Liquid fluorochemicals with their low viscosity and 
high volume expansion have a high auto convection 
modulus. (3) The relative performance of various trans- 
former liquids as convective heat transfer media has been 
demonstrated by enclosing a small model transformer in 
a container with various dielectrics. The gradient between 
the coil hot spot and the container temperature was ob- 
served. The plot in Fig. 1 shows the use of three liquids: 
silicone oil, transformer oil, and a fluorochemical (N-43). 
Because transformer oil does not operate satisfactorily 
when the external ambient and watts per unit heat flux 
are high, a comparison is made between silicone oil and 
the fluorochemical. This comparison shows that for the 
N-43 liquid-filled transformer, the temperature gradient 
is only half that of a silicone oil-filled transformer at a 
heat dissipation of 60 watts. 

Still greater heat transfer may be accomplished by 
evaporative cooling. (4) Figure 2 shows a plot of tem- 
perature gradients obtained by employing a fluorochem- 
ical (0-75) in the same transformer used to obtain the 
data in Fig. 1. The upward slope of the curves indicates 
that heat transfer by convective cooling occurs within the 
transformer. The leveling off at about 30 watts input and 
downward trend of the curves indicate an increasing rate 
of heat transfer as evaporative cooling takes place. At 
60 watts input, the gradient between the coil hot spot and 
the average container temperature is only 18 C or about 
one-fifth that when silicone fluid is used as shown in 
Fig. 1. 


The dashed line in Fig. 2 s 


hows the average container 
temperature rise above ambient, and indicates that in a 


Table li—Electrical Properties of Fluorochemical Materials 


Dielectric | 

constant 

50 cycles | 
to 


Power factor % 


| 


Identification and 
chemical formula 


100 
cycles 


Perfluoro compounds* n¢ a ie 
N-43 (C.F,)3N | 
0-75 C.F\.0 


100 
ke 


0.0025 
0.016 


0.005 
0.029 | 
is . saite at ale 
Conventional oils 
Transil 0.014 
Silicone 0.01 


0.01 


*Minnesota Mining & Manufacturing Company products. 
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Loss factor 


50 


| cycles 


0.00 


0.118 


| Resistivity ohms/cm® 1.6 kv/cm 

|— | Dielectric 
strength 

| ASTM 

| D-877 


After After 
additional | thermal 
purification) aging 


As 
100 received 
ke samples 


| 0.75x10" 
| 2.5 x10" 


25 0.0095 


0.053 


6.3x10"4 
6.3x10'4 


6.3x10"4 
0.63x10" | 


40 kv 
40 kv 


1.25x10'* 
6.3 x10" | 


6.3x10"4 


25 kv 
30 kv 
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Fig. 1—Comparison of coil temper- 
ature rise transformer con- 
tainer temperature with various di- 


electric liquids as coolants. 
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Fig. 2—Coil temperature rise above the container tem- 


perature with fluorochemical liquid 0-75 used as coolant. 


typical “evaporative cooled” transformer the internal 
gradients are small when compared to the external (con- 
tainer to free air) gradient. 

Metallic conduction plates have been used in many dry- 
type transformer coils of moderate voltage rating as an 
electrostatic shield. The conduction plates are an integral 
part of the coil and readily transfer heat through short 
metallic straps of proper cross section to an external heat 
radiator. (5,6) 

The external radiator may be a cold plate maintained 
at a maximum allowable temperature to cool the compo- 
nents in an equipment. If copper is used as the heat con- 
ductor, a value of thermal conductivity of approximately 
10 watts/in*/deg C may be used to calculate the amount 
of heat transferable from coil to the heat sink. If the 
high potential winding of a transformer is wound di- 
rectly over the ground potential conduction plate. suffi- 
cient dielectric insulation must be used. This construction 
creates a thermal barrier between the winding hot spots 
and the conduction plates. Under such conditions. an 
increase in the cross-sectional area of the plates may add 
to the size and weight of the transformer without increas- 
ing heat transfer. Proper balance should therefore be 
maintained between the heat to be dissipated, the dielec- 
tric strength required, and size and weight requirements. 
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Fig. 3—Heat transfer coefficient through var- 
ious media under natural and forced convection. 


\ gaseous vapor with excellent heat dissipation and 
adequate dielectric strength is one of the most interesting 
approaches to lightweight magnetic components and 
power supplies for aircraft application. Forced circula- 
tion of this dielectric coolant has resulted in “miniatur- 
ized” power supplies with considerable weight reduction. 


Thermal Design Considerations 
The cooling chart of Fig. 3 shows the comparative per- 
formance of various cooling methods used in the heat 
transfer phase of the design. By utilization of the excellent 
heat transfer properties and adequate dielectric strength 
of the selected fluorochemicals, together with the advan- 
tage of metallic conduction techniques, it is possible to 
attain smaller size and reduced weight in new transformer 
designs. (See Fig. 4 for some of these design techniques. ) 
The use of liquids and gases requires consideration of 
pressure developed in an enclosed system. Values for 
certain physical properties may differ greatly for fluoro- 
chemicals as compared to the more conventional trans- 
former oils. Fluorochemicals have higher coefficients of 
thermal expansion and are volatile liquids. The following 
points are critical: 
. Thermal expansion of the liquid. 
. Vaporization of the liquid. 


l 
2 
3. Heating of the gas. 
4. Gas-liquid solubility. 


Pressures that may be developed when using fluoro- 
chemical 0-75 or N-43 when enclosed in a container with 
an equal volume of gas (nitrogen “void” space) are 
shown in Fig. 5. It has been found that pressures (2) 
are affected by the gas-liquid solubility coefficient and 
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vary over the temperature range (Fig. 6). The selection 
of a gas or gas mixture in the void space is an important 
consideration in controlling internal pressures commensu- 
rate with dielectric strength. It is also possible to select 
or tailor-make a mixture of available fluorochemical 
liquids to control internal pressures and provide optimum 
heat transfer at a specific pressure. 
The following formula may be used to develop a liquid 

to fit a set of given conditions: 

We _ Po — Pa Me 

Wa Py— Po Ms 


where: 


Wa = weight of less volatile liquid. 

We = weight of more volatile liquid. 

Wa = molecular weight of less volatile liquid. 
We = molecular weight of more volatile liquid. 


P.4 = vapor pressure of less volatile liquid at the operating 
temperature. 


Px = vapor pressure of more volatile liquid at the operating 
temperature. 


P, = maximum vapor pressure of the optimum liquid at 
the operating temperature 

The dashed line in Fig. 5 shows the pressure curve of 
such a tailor-made liquid with optimum heat transfer 
properties intermediate between the 0-75 and N-43 
liquids as shown in Figs. 1 and 2. Such liquid combina- 
tions and gas combinations may be selected to give 
optimum heat transfer consistent with desired dielectric 

strength and container pressure limitations. 


Design Techniques and Applications 


The design techniques utilize the following desirable 
properties of fluorochemical gases, liquids, and vapors: 
adequate dielectric strength, nonflammability, low dielec- 
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Cutaway view of Raytheon transformer utilizing fluorochemical liquid 
dielectric as coolant, in combination with heat-conducting plates. 


tric constant for high fre- 

quency response, corona in- 
condonene hibition, thermal stability at 
high temperature, self-heal- 
ing. and excellent heat trans- 
fer. Any specific design ap- 
must be evaluated 
and those techniques selected 


pre yach 


which appear optimum for 
any given set of conditions. 
tech- 
niques may now be summar- 


The primary design 
ized: 

]. Evaporative cooling. The 

eeat-tundieiing advantages of evaporative 

cooling in transformer de- 

X sign has already been noted. 

? (4) Heat-transfer coefficients 

for a boiling liquid on the 

hot winding surfaces and for 

a condensing vapor on the 

cooler container surface are 

about one order of magni- 

~ ao tude greater than those ob- 

cold sink tainable with only a _ gas 

phase. High values of heat 

transfer coefficient are re- 

sponsible for a large and sig- 

nificant reduction in re- 

quired heat transfer area for 

a given power dissipation. \ 

typical transformer using 

evaporative cooling was illustrated in Fig. 4. The sump 

contains the liquid carried 

to the y inorganic wicks. 

Upon reaching the coil hot spots the liquid vaporizes and 

rises to the upper portion of the container. When reach- 

ing the inner surface of the container, which is at a tem- 

perature below the condensation point of the liquid, con- 


fluorochemical, which is 


interstices of the coil by 


densation occurs and heat is removed to container walls. 

The heat of vaporization of some fluorochemical liquids 
may be as high as 20 calories per gm, while the specific 
heat of transformer oil is approximately 0.5 cal per gm. 
Therefore, the quantity of heat transfer attainable by 
evaporative cooling may be as much as 40 times greater 
than that of convective liquid cooling. 

2. Liquid and/or gas fluorochemical fill in connection 
with heat conduction plates. The practice of utilizing heat 
conduction plates (as shown in Fig. 4) may be extended 
to higher voltages by the addition of liquid or gaseous 
fluorochemicals. The final decision on voltage limitation 
in such designs is usually based on the decreasing abil- 
ity of the conductors to transfer heat with increasing 
insulation rather than the usua! corona or dielectric prob- 
lems as such. 

3. Volatile fluorochemical liquid fill. The transforme 
is completely immersed in a liquid fluorochemical. Heat 
transfer is accomplished by the high auto-convection of 
the liquid plus the ability of the volatile liquid vapors in 
the void space to transfer heat to the case. Heat transfer is 
considerably more effective than that of a comparative 
transil oil-filled transformer. 

4. High-density fluorochemical vapor cooling. Natural 
convection and 


forced fluorochemical 


vapors for cooling purposes are recent techniques of 


circulation of 
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Fig. 5—Pressure curves for fluorochemical liquids in 
enclosed container. “Optimum” liquid refers to a “tailor- 
made” formulation designed for optimum performance 
in terms of heat transfer and other properties. 


particular interest in airborne applications. Fluorochem- 
ical vapors are dense (nearly five times that of air at one 
atmosphere of pressure) and heat transfer is considerably 
increased. 

Although a high temperature transformer filled with 
fluorochemical vapor can be made smaller than one filled 
with transformer oil, the savings in weight is of most 
importance as the vapor replaces the heavy liquid. In 
certain designs, forced circulation of these vapors 
further increases heat transfer. The value of the heat 
transfer coefficient can approach 0.5 watts/ sq in./deg C 
(as shown in Fig. 3). Regulated d-c power supplies of 1.5 
kva output with voltages of over 5 kv have also been 
manufactured using the technique. 

Several specific designs are now detailed: 

1. Transformer, of specifications as follows, was rede- 
signed for minimum possible size and weight. 


Ambient temperature, 125 C 

Chassis mounting to provide a cold plate, 100 C 
Frequency, 60 cycles 

Primary voltage, 117 volts rms 

Secondary, 5600 volts rms ct 

Load: Full-wave bridge rectifier with an R-C filter 
Secondary current, 105 ma 


To attain the minimum weight requirements, the wick 
action of the fluorochemical liquids was utilized. The 
amount of liquid used was only enough to cover approxi- 
mately one-quarter of the coil at the bottom of the trans- 
former. The exceptional wetting action of fluorochemical 
allows the liquid to wick up through the fibrous glass 
insulation with which portions of the coil are wound. 
Vaporization and condensation occurs as previously de- 
scribed. A copper conduction plate, serving also as an 
electrostatic shield, augments heat removal from the coil 
to the cold base. 

Dielectric protection in the void space around the coils 
and terminals is provided by a fluorochemical gas and 
also by fluorochemical vapors during operation. 

A transformer built and tested to the above specifica- 
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Fig. 6—Typical pressure-temperature relationship of 
fluorochemicals showing effects of gas solubility. 


tions and using the above technique is shown in Fig. 7. 
Size reduction of 2 to 1 is demonstrated over a trans- 
former designed to the same specification, but using 
conventional cooling methods. 

2. In another application, a low-capacity, high-test 
voltage magnetron filament transformer had to be rede- 
signed to reduce size, provide a hermetic enclosure, 
reduce corona, and provide equivalent electrical perform- 
ance. Operating ambient is 125 C. The electrical specifica- 
tions for the transformer are as follows: 


Primary voltage, 115 volts rms, 400 cycles 
Secondary voltage, 3.7 volts rms 
Secondary current, 44 amp 


The reduction in volume accomplished on this par- 
ticular design is approximately 8 to 1 for the core and 
coils and has been achieved through a combination of 
dielectric and cooling properties of fluorochemicals. In- 
cluding the hermetic enclosure to seal the transformer 
liquid system, a reduction of 4 to 1 is achieved as indi- 
cated in Fig. 8. 

In a design of this type, dielectric strength and a 
minimum capacity must be attained concurrently. The 
excellent cooling of fluorochemicals permits the use of 
a much smaller core and coil which allows smaller dielec- 
tric spacing when combined with the low dielectric con- 
stant of selected fluorochemicals. The high dielectric 
strength of fluorochemicals gives adequate arc-over and 
corona protection in this reduced spacing. Reduction of 
core and coil size as well as the narrowing of dielectric 
spacing produces a reduction of 4 to 1. This reduction 
is accomplished without sacrificing reliability. 

Tests of this design indicates that the unit is capable 
of operating in dead air ambients of 140 C with a hot- 
spot rise of 35 C. The high-voltage winding capacitance 
to ground is 15 ppf. Induced dielectric breakdowns of 
over 50 per cent above rates test voltages have not 
lowered the breakdown strength of the liquid. Electrical 
performance has been excellent, including considerable 
reduction in corona. The maximum operating internal 
pressure at full load, 125 C ambient, is less than 12 psig. 

3. Vapor-cooling techniques were utilized in the rede- 
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Fig. 7—Transformer shown at right has been designed to 


employ fluorochemical liquid and heat-conducting tabs. Note 
size reduction compared to earlier design at left. 


sign of a 3-phase, high-temperature, high-voltage trans- 
former with high losses per unit volume. Test transformer 
was placed in a container maintained at a maximum 
temperature of 140 C. With silicone oil as a coolant, the 
coil temperature rise was 50 C above the container. The 
same transformer was operated under the same condi- 
tions with 2 atmospheres of a fluorochemical gas for 
adequate dielectric protection at low temperature plus a 
few ounces of 0-75 liquid vapor at 105 C and above as 
the fill material. The coil rise in this instance was within 
a few degrees of that for silicone oil. 

Not only was considerable weight reduction achieved 
at less cost by substituting the fluorochemical gas-vapor 
dielectric coolant for silicone oil, but operating reliabil- 
ity was maintained. 

The results attained in this design also indicated that 
the vapor method is quite applicable to high voltage 
power supply assemblies when it becomes feasible to use 
forced circulation of the vapor. 

As a general conclusion it should be emphasized that, 
in the design of such miniaturized magnetic components 
as the transformers discussed here, generalization in de- 
vising heat transfer techniques should be avoided. Each 
unit must be designed in accordance with its specific 


dielectric and thermal requirements, selecting in each 
case the technique or combinations of techniques most 
applicable. Utilization of heat sinks or other optimum 
heat transfer mechanisms in an equipment leads to still 
greater miniaturization. 


SOC 
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Fig. 8—Another example of size 
reduction: A fluorochemical-liquid 
filled magnetron filament trans- 
former shown before and after re- 


design. 
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Fig. 1—Variations with temperature of the dielectric constant 
and the dielectric loss factor of fluorinated liquid PFE-774. 
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Fixed 
Paper Capacitors 


Vaterials usable over a temperature range —65 C to 200 C 
have been developed from synthesis of partially fluorinated 
compounds. Properties of these materials and character- 
istics of impregnated capacitors are discussed in this report 


based on a Naval Research Laboratory program. 


RECENT DEVELOPMENTS IN MILITARY WEAPONS have em- 
phasized the need for new dielectric liquids that can be 
used from —65 C to 200 C to store electrical energy in 
capacitors, to cool transformer and reactors, and to sus- 
tain high voltages in cables. (J, 2)* 

In order to develop new and improved dielectric 
liquids, the molecular configurations and dielectric prop- 
erties of a number of novel partially fluorinated esters 
have been determined. (3) These materials, which have 
been synthesized (4) for application as aircraft lubri- 
stability. 
resistance to hydrolysis. and inertness towards. metals. 


cants, have unusual oxidation and _ thermal 
The variations of the dielectric constants and power fac- 
tors with temperature were determined in an Elliott cell 
70 to 120 C at 60. 
1000 and 10,000 cps using a Schering bridge network 


(5) over the temperature range 


with a suitable frequency generator, amplifier and null 
detector. The variations of the dielectric constants and 
the tangents of the loss angles with frequency were deter- 
mined using the same measuring technique at power and 
audio frequencies and by using a Q meter between 10 
and 10° cps. (6) 

Of the esters studied, bis (1H, 1H. 7H-dodecafluoro- 
heptyl) 3-methylglutarate (PFE-774) appeared to be the 

*Italic numerals in parentheses apply to Cited References at end of article 
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most promising as a dielectric liquid. This fluorinated 
material is a low-viscosity. colorless, odorless, non-irri- 
tating. clear liquid having the properties tabulated here- 
with. The ester is a liquid over a wide temperature range 
and is less flammable than unfluorinated esters and 
petroleum oils. 

\s shown in Fig. 1, the dielectric constant at 60 cps 
decreases uniformly with increasing temperature to 80 C 
after which it shows a slight but measurable rise; this 
increase is concomitant with the rise in power factor. 
In Fig. 2 the dielectric constant is shown to decrease 
linearly with increasing frequency at the rate of 0.04 
units per decade until a frequency of 10° cps is reached. 
whereupon a drop at the rate of approximately one unit 
per decade occurs. The losses (as measured by the tangent 
of the loss angle) fall with increasing frequency and re- 
main very low (0.002) until a frequency of 10° cps is 
reached. Dielectric absorption due to dipolar rotation 
increases and reaches a maximum in the vicinity of 5 
10° eps. These results were considered sufficiently promis- 
ing to warrant an investigation of the possible usefulness 
of PFE-774 as an impregnant in a fixed, d-c paper-dielec- 
tric capacitor. 


Characteristics of Commercial Capacitors 


The effects of temperature on the capacitances and 
power factors of two liquid-impregnated. paper-dielectric 
capacitors containing pentachlorodiphenyl and mineral 
oil respectively are shown in Fig. 3. Examination of the 
capacitance curves shows the advantage of pentachloro- 
diphenyl over mineral oil as an impregnant over the 
temperature range from 10 C to 85 C. About 45 per cent 
more electrical energy can be stored in a capacitor im- 
pregnated with pentachlorodipheny! than one of the same 
size impregnated with mineral oil. From —55 to 10 C this 
advantage is lost and in view of the high power factor in 
this region (2), the usefulness of the pentachlorodipheny! 
is seriously reduced. In contrast, a capacitor impregnated 
with mineral oil changes only slightly in capacitance and 
power factor over the entire temperature range; however. 
it is not as long-lived and would have to be larger to 
match the capacitance of the pentachlorodiphenyl unit. 


Electrical Properties of PFE-774 


\s a measure of dielectric quality, the volume resis- 
tivity of the ester was determined in a calibrated Elliott 
cell. (5) The voltage employed was 440 volts, d-c, yield- 
ing a field strength of approximately 100 vpm with a 
charging time of 1 min. A value of 5 X 10'' ohm-cm 
at 100 C was taken as the minimum resistivity acceptable, 
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Variation with frequency of the dielectric con- 
stant and tangent of the loss angle of PFE-774 at 20 C. 


Properties of 
Fluorinated Capacitor 
(PFE-774)* 
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Dielectric 


1.6513 
1.3505 


155 C at 0.5 mm Hg 
35 C> 
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465 F 
58.9% 
38 SSU 
210 F 
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Fig. 3—Variation with temperature of the capacitances and 


power factors at 60 cps of two capacitors of the same physical 
dimensions, one impregnated with pentachlorodiphenyl and 
the other with mineral oil. 


if the material was to be used as a liquid impregnant in 
a fixed paper capacitor. The volume resistivity of the 
PFE-774 as received, however, was only 1.7 < 10'' ohm- 
cm at 100 C. Additional refining of the ester failed to 
result in substantial improvement of the resistivity. 

Further observation and study of the effects of solvent 
and catalyst on reaction products of this class was indi- 
cated. (7) This study led to synthesis of additional PFE- 
774 using ethylene dichloride in place of the toluene as the 
solvent and sulfuric acid in place of the p-toluene sul- 
fonic acid as the catalyst. Selective fractionation of the 
PFE-774 prepared in this manner gave high yields of the 
ester. Since the volume resistivities of the larger middle 
fractions ranged from 5 < 10" to 1 & 10'* ohm-cm at 
100 C, the ester was obviously suitable for use as capac- 
itor impregnant. 

The absence of the conducting contaminants in the 
ester prepared by the second method did not change the 
dielectric constant appreciably, but it did have a beneficial 
effect on the power factor at 60 cps. The electrical prop- 
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Fig. 4—Comparison of the variation with temperature of the 


dielectric constants and power factors at 60 eps of penta- 


chlorodiphenyl and PFE-774. 


erties of the PFE-774 prepared by the second method 
are compared with those of pentachlorodiphenyl in Fig. 4. 
It is seen that the dielectric constant of the ester is higher 


than that of the pentachlorodiphenyl throughout the 
entire temperature range and continues to rise with fall- 
ing temperature in contrast to the behavior of the penta- 
chlorodiphenyl. In addition the power factor of the ester 








Fig. 5—Variation with temperature of the capacitances and 
power factors at 60 cps of two capacitors of the same physical 
dimensions, one impregnated with PFE-774 and the other with 
pentachlorodiphenyl. 
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remains low over a wide temperature range while the 
power factor of the pentacholorodiphenyl goes through 
a severe rise at about —10 C. These differences in the 
characteristics of the two materials become very important 
when they are used to impregnate capacitors. 


Performance of PFE-774 Impregnated Capacitors 


Six commercially prepared capacitors were impreg- 
nated with PFE-774 according to the following practice: 
They were placed in a container in a vacuum oven at 
atmospheric pressure for 16 hr at 165 C after which the 
pressure was reduced to 1 mm Hg: after 6 hr the vacuum 
was broken, air was introduced to the system for 15 min 
and then a vacuum of 0.5 mm Hg was established. After 
26 hr at 0.5 mm Hg and 165 C, the heat was turned off 
and the system allowed to cool to 80 C. At this time 
PFE-774 was introduced into the container in the oven 
(still under vacuum) until the capacitors were covered 
with the liquid. Air was admitted to the oven, and after 
a 4-hr soaking period, the capacitors were sealed by sol- 
dering while they were still immersed in the ester. 

Before and after impregnation the average capacitances 
were 1.4 0.03 and 3.05 
the average weights were 131 


0.03 pf, respectively, and 
4 and 178 + 4 gm. To 
determine the relative performance of these ester-impreg- 
nated capacitors, the units were evaluated according to 
the requirements of MIL-C-25A. (8) 
Capacitance and power factor of each capacitor were 
55: C t0:85.C. 


The change in capacitance with decrease in temperature 


determined over the temperature range 


over the entire temperature range was an increase of 
about 3.7 per cent. This is an improvement over penta- 
chlorodiphenyl-impregnated capacitors which undergo a 
decrease of 25 per cent in capacitance in going from 10 
C to —10 C (Fig. 5). At 25 C the capacitor impregnated 
with PFE-774 stores slightly more energy than such a 
unit impregnated with pentachlorodiphenyl; both types 
store from 45 to 50 per cent more energy at this tem- 
perature than a mineral oil capacitor of similar design 
Fig. 3). However at —55 C, the PFE-774 unit stores 
15 to 50 per cent more energy than either of the othe 
two types of capacitors. 

Power factor at room temperature and 60 cps of capac- 
itors impregnated with PFE-774 was of the same ordet 
as that of a pentachlorodiphenyl unit and slightly higher 
than that of a mineral oil impregnated unit (Fig. 3). 
Between 40 C and 20 C, the PFE-774 impregnated 
capacitors had a power factor of less than 0.5 per cent. 
similar to that of mineral oil units. This is to be com- 
pared with the serious rise in the power factor of penta- 
chlorodiphenyl capacitors to almost 12 per cent between 

20 C and 20 C. At 
types of capacitors ranged from about 0.8 per cent for 


55 C the power factor of all three 


the mineral oil type to 1.5 per cent for the ester impreg- 
nated units. At elevated temperatures (85 C), the penta- 
chlorodiphenyl capacitors had a power factor of 0.5 pet 
cent, mineral oil units, 0.4 per cent, and the ester-filled 
capacitors, 0.35 per cent. 

The insulation resistance of each of the six-ester-filled 
capacitors was measured with a General Radio 544-B 
Megohm bridge at a nominal potential of 500 volts d-c. 
applied for a period of 2 min. The resistance of each of 
the capacitors was 1400 megohms at 25 C, and the “meg- 
ohm times microfarad” rating was 4200 for each capac- 


(Continued on page 316) 
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unctional Fixed Film 
esistor Materials 


Critical elements in the selection of optimum materials for film re- 
sistors are discussed. Various properties are compared and interpreted 
from the standpoint of today’s ultimate objectives for resistors de- 
signed into an equipment required to operate under severe ambient 
conditions. The discussion emphasizes the need for tailoring resistor 


materials from synthesized structure. 
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TODAY’S ELECTRONIC DESIGN requirements demand fixed terials combined with compatible associated construc- 
resistors with the following ultimate specifications: tion materials. Such new materials are being tailored 
1. Resistance values from 1 ohm to 100 megohm. today from synthesized complex solid structures. This 
2. Practically zero temperature coefficient at all tem- article will discuss the development of these materials. 
peratures from —55 C to +200 C. their properties and their engineering into resistor 
No resistance dependence on frequency up to the components. 
microwave region, voltage, time nor environment. ’ : : 
Adaptability to being variously packaged in ex- Selection of Resistance Materials 
tremely small volumes for maximum possible The four common forms of resistance elements are: 
power ratings. (a) wires; (b) composition mixtures: (c) films: and 
To meet these objectives, we need new functional ma- (d) ceramic rods. The construction of the film type is 


Ceramic base~ 


—End cap 


End contact — + hesistonce film 


Insulating coating 


Fig. 1—Film-type fixed resistor construction. 
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Table I-A Partial List of Materials Exhibiting 
Near Zero Temperature Coefficients of 
Resistivity Over a Wide Temperature Range 


Elements Metal Alloys Oxides Sulfides 


Evanohm Fe, 0, CuS 
1000 alloy ReO PbS 
PdAu alloy film TiO 
Nichrome film TiI,O 
Manganin In.O 
Ge-Al alloy $nO 

PbO 

NawO 


Nitrides Silicides 


PbTe TiN CrSi 
Cu.Te VN 


Ag.Te C.N 


Carbon 


Selenides 


HgSe 
PbSe 

Cu.Se 
Ag.Se 


Tellorides 


Borides Carbides 


Ti boride Zrc 
Zr boride Tic 
NbC 
HfC 
TaC 


ercial designatior 
ercial designatior 


er designat 
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shown in Fig. 1. All materials. regardless of structure or 
method of production, are represented in a resistivity 
spectrum extending from about 10° ohm-cm to greater 
than 10°* ohm-cm. Figure 2 shows this spectrum and its 
several major subdivisions. In ascending the resistivity 
scale, these are metals. transition materials, semiconduc- 
tors. and dielectrics. 
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Fig. 2—Common divisions in the resistivity spectrum. 
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Fig. 3—Approximate relationship of temperature coefficient of 
resistivity to specific resistivity to specific resistivity. 


Figure 3 shows the associated trend of temperature 
coefhicient of resistivity superimposed on the spectrum 
for a temperature of 20 C. This shows that all pure 
monophaseal materials which exhibit near zero tem- 
perature coefficient of resistivity will be transition ma 
terials. Carbon is an example. Impurities, imperfections. 
and structural distortions reduce the resistivities of many 
semi-conductor and dielectric materials to values charac- 
teristic of transition materials. 

Some examples of resistivity vs temperature trends 
for various semiconductors appear on Fig. 4. It will 
be particularly noted that the temperature cofficient of 
resistivity changes with temperature and may even be- 
come zero over short temperature regions. This is pri- 
marily due to the fact that the number of conduction 
electrons is not a constant with changes in temperature. 
Some materials, including those in the transition ma- 
terial region that normally exhibit high resistivity at 
room temperature can be processed to exhibit a wide 
range of resistivities at this temperature. 

Carbon compositions show a marked deviation from 
the relationship between resistivity and temperature co- 
eficient of resistivity that is common for chemically 
compounded or pure monophaseal materials. This type 
of relationship (as shown in Fig. 5) is exactly the one 
desired for achieving the wide resistance range. low 
temperature coefficient of resistance, and small-size ob- 
jectives in resistors. Such structures, however, are inhe- 
rently electrically unstable, age badly, will not with- 
stand high enough temperatures, show undesirably high 
voltage coefficients of resistance and noise level and 
poor frequency response relative to the new resistance 
element objectives. These undesirable characteristics oc- 
cur because the conducting particles are mechanically 
held in contact with one another by the binder material 
and these mechanical point contacts are not conducive 
to achieving stabilized resistance elements. Consequently, 
these materials are ruled out in our search for ma- 
terials to meet new resistance element objectives. 

Three classes of bulk materials therefore appear to 
meet the requirement of near zero temperature coef- 
ficient of resistivity over a wide temperature range: 

1. Certain metal alloys. 


ELECTRICAL MANUFACTURING 





Table Ii—Comparison of Physical Properties of Film Resistance Materials and Parent Materials 


Melting point, | 
deg C Crystal size 


| 
| 
j 


Pyrolytic carbon <50A° 


| 


Graphite Macroscopic 


Deposited stannic oxide | Sublimates > 1400 -~25-50A° 


Stannic oxide cassiterite 





Impurity range 
Transition range 
| Latrinsic ronge 


Crystal structure 


Graphitic hexagonal 


Modified graphitic 
tice constants are different 


Tetragonal SnO, 


| Hardness 
Moh’s scale 


Resistivity 
in ohm-cm 


- lat- ~9 ~10-* 


| 
L 
| 


~10": 


10-4 to 10-* 


10* to 10° 





ohm-cm 








Resistivity 


Fig. 4 
perature trends for the monatomic semi- 
hole 


Representative resistivity vs tem- 


conductors; germanium (positive 


and electron type), silicon, and tellurium. 











2. True transition materials. 

3. Transition materials by virtue of type and amount 
of impurities and structural imperfections, degree 
of structural distortion, and alloying effects. 

\ partial list of materials exhibiting resistivities in the 

near zero temperature coefficient of resistance range is 
given in Table 1. 


Other Critical Factors in Resistance Elements 


Temperature coefficient of 
resistivity X 10° at 20 


Materials for resistance elements are further limited 
in the following ways: 

l. High frequency applications result in the “skin 
effect.” This effect causes current flow in a resistor to 
become localized in the outer portions of the resistance 
element. The higher the resistivity of the element, the 
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Table ili—Processing Methods for 
Film Resistance Elements 


renner 
——S————————_—X_*>"~""—""———————— 


Resistance 

element Characteristics of method 
Pyrolytic Methane gas is cracked in closed chamber at 
carbon 


1000 c microcrystalline carbon deposits on hot 
ceramic base. 


Borocarbon | 


Same as prolytic carbon but with the presence of 
boron trichloride in the cracking chamber. 


Stannic 


é Heated stannic chloride and addition agents in 
oxide 


alcohol solution are sprayed on ceramic or other 
suitable insulator held at about 500 C. 


Vapor deposition in vacuum. 


Nichrome m 
— Deposition from solution of poly-organsols of pal- 


ladium and gold in approximately equal proportions. 


Chromium- 
titanium- 
nitride 


Vapor deposition of Cr-Ti film in vacuum followed 
by thermal conversion to nitride in an ammonia 
atmosphere at above 800 C. 


smaller the effect. This effect is quite pronounced in the 
case of solid wires or rods. It is minimized in the case 
of films. Therefore, resistance elements consisting of 
films applied on insulating base rods are required. 

2. Film elements exhibit an increase in resistivity and 
also temperature coefficient of resistance as the film 
thickness is decreased. Figure 6 illustrates the nature 
of this effect. The threshold thickness for such varia- 
tions is a function of the crystal habit of the material, its 
resistivity, and various characteristics of the base ma- 
terial. as well as uniformity of the film. This variation 


in resistivity is believed to be an indicator of marked 


Table 1V—Comparison of Temperature 
Coefficient of Resistances of Commercial Film, 
Wire, and Composition Resistors 


Material Type Approximate temperature coeffici- 


ent of resistance in %/deg C 
Advance* Wire +0.003 at low temperature to 
0.001 at high temperature. 


Nichrome* +0.02 


Manganin* +0.01 at low temperature to zero 


near room temperature to —0.003 
at high temperature. 

Evanohms 0.006 at low temperature to 

+-0.003 at high temperature. 


Carbon-binder 


Compo- 
material 


yi 0.1 at low temperature to near 
sition zero near room temperature to 
+0.06 at 80 C. 


Deposited carbon Film 0.03 to -0.06 


Borocarbon - 0.01 to — 0.03 


Stannic oxide +0.03 to —0.01 


Palladium gold 0.06' 


* Commercial designations 
> Goes to +0.06 for low resistance values. Can be zero at intermediate resistance 


deviations in structure from that of the bulk material. 
Therefore, only materials capable of forming continuous 
films and having crystal habits which lead to a minimum 
threshold thickness are useable. This implies that the 
structure should consist of extremely small or plate-like 
particles or grains, tightly bonded together. 

3. The chemical stability of the material in the struc- 
tural state required for obtaining the desired electrical 
properties must be extremely good at greater than 200 
C. This eliminates many of the materials which fall 
into the transition region of the resistivity spectrum. 

4. The material must adhere well to an insulating 
base surface. This requires selection of a compatible 
base material which is not subject to electrochemical 
polarization, has a homogeneous blemish-free surface. 
and has a linear expansion coefficient closely matching 
that of the resistance film material. 


Film Resistance Elements 


Based on this discussion, film resistor resistance 
elements can be found among chemically stable transi- 
tion materials including some metal alloys and also modi- 
fied semiconductors or dielectrics having synthesized 
structures with submicroscopic crystal size. 

Extensive investigations of many processing methods 
in the case of many materials including carbon, borides. 
silicides, nitrides, carbides, metal alloys, and oxides 
have been made by many investigators. These studies 
have resulted in film resistance elements that can be 
classified in four categories as follows: 

1. True transition materials (elements)—carbon and 

borocarbon. 

2. True transition materials (compounds or alloy com- 
pounds)—chromium nitride and chromium titan- 
ium nitride. 

Metal alloys—palladium-gold and nichrome. 
Modified dielectrics and semiconductors—tin and 
indium oxides. 

Table II shows some of the physical properties of 
pyrolytic carbon and tin oxide film resistance elements 
and compares them respectively with graphite and the 
tin oxide mineral-cassiterite. In both cases, the extremely 
small crystal size of 25 to 50 Angstrom units is note- 
worthy. Also the large difference in resistivity of the 
tin oxide film and the bulk crystal and the difference in 
hardness of pyrolytic carbon and graphite distinguish 
these film structures from their parent materials. 

Methods of preparing each of these films in order to 
achieve structures which make them applicable as resis- 
tance elements are listed in Table III. Each of the methods 
provides for deposition of a film below the melting point 
of the material. It is quite interesting to note that the 
borocarbon film is obtained by an addition agent in the 
form of a gas added to the gaseous material before the 
vapor phase reaction which occurs to give the result- 
ant solid film. It will also be noted that none of the 
methods are exactly the same except in the case of the 
carbon and borocarbon films. 

The temperature coefficient of resistance of commer- 
cial film resistors, containing various of these film ele- 
ments are compared in Table IV to the properties of 
wire and composition resistors. It will be noted that 
temperature coefficients of resistance approaching those 
of the best wirewound resistor elements have been 
achieved in borocarbon and oxide films. 
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A comparison of many of the properties of carbon, tin 
oxide, palladium gold, chromium-titanium nitride and 
borocarbon film resistors with those of wirewound and 
carbon composition resistors is given in Table V. It ap- 
pears that tin oxide may be the most chemically stable 
at the highest temperatures; also, it shows one of the 
lowest temperature coefficients of resistance. The shelf- 
aging characteristic of this film, however, is not as good 
as that of carbon. Carbon appears to also have an ad- 
vantage in regard to resistance range and perhaps toler- 
ance on resistance value. Borocarbon and tin oxide ap- 
pear to vie for the honor of the lowest temperature co- 
efficient of resistance. Palladium gold is quite similar to 
chromium nitride in many respects. Because chromium 
titanium nitride is not a commercial element, data given 
here are not to be considered conclusive. 

Although the work done so far in developing special 
materials for resistance elements has achieved marked 
improvements over the deficiencies of wirewound and 
carbon composition resistors for today and tomorrow’s 
new electronic markets, still further improvements are 
desired. Specifically, our objective is a material with a 
higher bulk resistivity and near zero temperature co- 
efficient of resistance if we are to achieve film resistors 
in the megohm range with all the other desirable prop- 


erties already specified. OO 


| 
Unstable | 


_——- Position in thickness dependent on 
base material, roughness of bose, 
uniformity of film, ond other 
properties of film 


_ 
| 
| 
| 
| 


Resistivity —> 


Film thickness —> 


Fig. 6—Electrical characteristics of thin films. 


Table V—Comparison of Properties of Various Film, Wirewound and Composition Resistors 


| 


Carbon 


Deposited 
composition 


Wirewound 


Nominal power 1 watt 1 watt 


rating 


10 ohms to 
5 megohms 


<1 ohm to | 10 ohms to | 
250,000 ohms | ~25 megohms | 


Resistance 
range 
Tolerance met on +0,1% 


i + 5% +1% 
resistance value 


Average tempera- 
ture coefficient of 
resistance 


+ 0.002597 
/deg C 





—0.1% to 
+0.2%/deg C | 


—0.025 to 


Ratio of high- 
frequency to d-c 
resistance 


Not 


suitable 0.3 to 0.8 0.6 to 0.95 


Per cent change 


per year on shelf Negligible ~ 3% +0.1% 


sic | 


Voltage coefficient Negligible 
of resistivity 


0.005 to 0.03 


Maximum = tem- 
perature of oper- 
ation without her- 
metic seal 


>200 C 140 C 





i 
| 


| 
“| 


—0.06% /deg C | 


“Negligible | 


Chromium 
titanium 
nitride 


Palladium 
Sn oxide 


| Borocarbon 
1 watt 


1 watt 1 watt 


: 5 ohms to ; 
300,000 ohms | 


<5 ohms to ~5ohmsto | 5 ohms to 
~1 megohm ~200,000 ohms| 1 megohm 


+= 2%, =1% +1% 


—0.01to | —0,06 to 
+0.03%/deg C | +0.06% /deg Cc 


Pe Similar to 
Pd Au 


0,01 to 
| —0.03%/deg C 


Similar to 
carbon 


Similar to 
deposited 
carbon 


Similar to 
deposited 
carbon 


Similar to 
carbon 


Similar to 
deposited 
carbon 


Similar to 
deposited 
carbon 


+1 to +2% 


Negligible 


Negligible 


Negligible | Similar to 


carbon 


Similar to 
carbon 


~200 C ~150 C ~175 C 





















Practical 


Iron Core Inductor 


Design Data 


core magnetic devices. 


Filter circuit inductors. in common with other tron 


resist purely analytical de- 


sign since they involve non-linear B/H character- 


istics plus physical winding space. insulation and 


temperature rise inter-relations. Optimal and rapid 


design must depend upon experience-gathered em- 


pirical data and methods such as those presented 


here for this important class of component. 


IRON CORE INDUCTORS are major elements in filter cir- 
cuits. Characteristically their application involves an a-c 
flux with a superimposed and larger d-c flux. The gaps 
commonly employed in such inductors are to prevent d-c 
saturation. 

As with other devices using electrical steel laminations 
which necessitate tooling, the initial practical step in a 
new design is to select a lamination, if possible, from 
available shapes, otherwise the selection leads to a new 
lamination design. 

Referring to Fig. 1, lamination, iron core and winding 


dimensions are indicated by symbols as follows: 
t lamination “tongue” width. in 

S = core stack height, in 

h = assembled winding height. in. 


\ = mean length of one turn, in. 
> = winding “build-up”. in 
The inductor core area St, but as a practical matter 


S should nearly equal ¢ for best space utilization. Allow- 
ing core area to equal /’ simplifies matters, and selection 
of S and t values can be made subsequently to give the 
area computed. 

For ¢, the following relations have been found: 


t 24S L Ta 


and 


in which: 


(I? Ta) 
t (3.375)\ R 


L 
/ 


Ru 


Either of these equations may be used to find ¢. 
Winding Derivation. With an assembly 


If 


Then 


tions as shown in Fig. 1, the ampere-turns (N/) of a 
suitable winding may be found as follows: 

P = weight of copper in winding 

d = copper density 

V = total volume of the winding copper 

p = resistivity of copper 

> 
1 =cross-sectional area of one conductor = arn 


R, 


Re 


= inductance in henries 
= direct current in winding, 
= winding resistance, ohms 


JACK SCOTT 
Senior Transformer Engineer 
ELECTRONIC TRANSFORMER Co.. 
Brooklyn, N. Y. 


resistance of one turn p 













t = tongue of lamination 
S= stack of laminations 


Scropless E-I shell type 





















amperes 


of lamina- 


DN dN 
\  e 
dXwN 
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Winding Build-up 
== 


Cooling area of the winding 
4,=2dAh 


Heating due to copper loss = 
dvVNEP 


PR, watts = p P- 


Defining C as a “dissipation factor” in square cm 
watt 


‘i, 2h P 
PR, ; pd Ve PP 


2Ph _ 2zh 


re 


NI=KhvV> 
If inch units are used throughout, 


NI =585 hv = 


: ‘ t : ahi 
In general, the coil height h = - minus 0.25 in. for 


1500 volt insulation. 

Let L, = mean length of flux path in the core, in. Then 
V1 

L. 

Find 8 in the iron from the curve, Fig. 2 for this NJ/in. 


The air gap length = e = L, (a) in which a is found 


from Fig 2, for the NJ/in. 


ampere-turns per inch = 


(NI in) fi 


de 


The number of turns N = 
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Wire size may be estimated: 


in which D,, equals the average of layer thickness and 
maximum wire diameter. 

daalint, __ # (ND) 

he inductor volt-amperes = Lwl* = 2.54 85 


Example of Inductor Calculation 
For an inductance of 1.5 henries. with /,, 
and a resistance of 25 ohms: 


0.4 amp 


L—? =24V 7 lac = 24 V 15 (04) = 1.18 in’. 

Lamination selected: ¢ 1.125 in., stack length GS) 1.125 
in. 

This particular stock lamination permits a coil with dimen- 
sions h = 1.375 in., and © = 0.45 in., and mean flux path 
6.75 in. 
Ampere-turns NJ = 585 h vy = = 548 

é NI 548 

Ampere-turns per inch = 7~ = 675 ~ 
This corresponds to a d-c flux density BV 9900 gauss, 


Fig. 2, and 8 = 4.8 * 10-4 


81 


i? 
VA rating = 2.548 7, (NY = 


1 22 pene 
(2.54) (4.8 X 10+) ; ae ote = 66 


Air gape = a L, = (0.004) (6.75) = 0.027 in. 


81) (6.75), 
Number of turns NV = ( — 1360 
For the wire size, 


ish, / 45) (1.375) 
Da = V "N “7. 1360 
Use No. 21 AWG, diameter = 0.0201 in. 


= (3.0215 in. 





The “Corsair 20” 
cigarette vendor. 


SHAPING A PRODUCT DEVELOPMENT PROGRAM to conform 
to consumers’ experience and preferences is not a new 
idea, but often is more easily said than done. Actual de- 
sign by a highly experienced “consumer” is a direct ex- 
pression of this philosophy which rarely occurs. This did 
happen when the Continental Vending Machine Corpora- 
tion, vending machine operators. decided to design and 
produce their own version of the automatic cigarette 
vendor. 

The decision was not arbitrary but derived from in- 
creasing dissatisfaction with available machines. The 
sudden changes in the cigarette industry resulted in a 
drastic diversity of brands catering to various tastes: 
with and without filters. different styles of pack, choices 
in length, and these in different combinations, which 
rendered existing machines entirely inadequate. This 
serious shortcoming was only one of many which Con- 
tinental had found in the available machines. 

The coin operated machine business has its own pecu- 
liarities. These and general sound design targets deter- 
mined the new machine development program, which 
was to develop a machine to be attractive to the cigarette 
consumer, to the purchaser of the machines and to be a 
sound product for competitive manufacture. 


156 


Electrical 
Controls 
Permit 
Non-Critica 
Design Details 


Design Objectives. Ihe cigarette buying publi 
would favor availability of twenty brands in a machine 
presenting a low console appearance, with positive but 
relaxed “feel” in use, and possessing definite counter- 
irritants such as simple reliable coin return and a clear 
“empty” signal. Quality-product appearance and quiet 
authority in operation were objectives since these had 
been found to be effective against the kind of rough 
handling which is invited by ungainly appearance and 
“mechanical.” noisy or difficult working of coin machines. 

In the vending machine trade, “servicing” is the 
routine of supplying stock to the machine—cigarette 
packs and matches in this case, and any necessary chang- 
ing of brands and price levels. Service, in this sense, and 
field maintenance considerations imposed further design 
targets. Considered essential were ease of access for au- 
thorized persons to replenish stock and collect coins, but 
resistance to tampering. including fool-proof guarantee 
against over-delivery of cigarettes by any manipulation 
of the operating controls, jarring or tilting of the ma- 
chine. Vending machine service personnel are not ac- 
customed to electrical intricacies, so that any such devices 
and systems were to be simple and rugged. Above all to 
be attractive to the trade the machine was to offer twentv- 
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Unusual unity of electrical 
and structural design in a 
strongly competitive prod- 
uct field marks the new 
“Corsair 20” cigarette ven- 
dor. Early adoption and 
then rigorous maintenance 
of adevelopment philosophy 
geared to manufacture and 
sales realities, keynoted by 
the concept of simple broad- 
gaged mechanisms, paid div- 
idends in an end-product 
that has had immediate 


acceptance. 


Fig. 1—The new vending machine open for service, showing accessibility and com- 
pactness of the design. 


Spacer (regular) ————- Spacer (king size) 


Escutcheon, Escutcheon, 
push button adv. sign 


—— Totalizer 


Rejector, slug 


ever, coin return 





Case assembly 


\ 
\ 
“Door assembly 


9 


Fig. 2—Expanded view of elements of cigarette machine. 
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Fig. 3 


Twin rocker assembly and “vend angles”, at top, contain- 


ing solenoids and ejector fingers with detent springs, for each brand. 


brand diversity in a small easily serviced unit but still to 
be competitive in price. 

The total design problem was to provide these features 
for both public and trade acceptance, without running 
into chronic manufacturing difficulties and high hidden 
cost elements. Repeated second-guess designing of details 
was to be rigorously minimized. These purposes were 
accomplished by the early adoption of a design philoso- 
phy favoring mechanical principles and structures which 
were “almost childlike” in their simplicity and workabil- 
ity over board operating ranges, to quote William Dan- 
ziger, the executive vice-president and chief engineer of 
Continental, who directed the entire design program. 

Operating Principles. Two key structural aspects 
of the machine provide the desired major improvements 
over other cigarette vendors, and being thus initially 
established as essential, the operating mechanics and de- 
tails were formulated accordingly. These were availability 


of twenty brands in a compact machine, and to have an 


operating mechanism which was structurally independent 
of the cabinet enclosure, that is self-contained. This latter 
was for a two-fold purpose: to enable facile replacement 
of the cabinet in those installations in which the unit 
was exposed to unusual weather exposure or hard use, 
and also as a sound manufacturing basis for flexibility in 
assembly, testing and production control. 

The twenty-brand problem was solved by the straight- 


Fig. 5 


Fig. 4—Motor and rocker details 
at bottom. Slug rejector and coin 
handling devices are seen at top. 


forward principle of using a hinged structure for the 
match container, front in Fig. 1 and as seen in expanded 
view, Fig. 2, and then again for the first or “front” 
cigarette container which holds ten of the twenty brands. 
This permits ready servicing of the machine and enor- 
mously contributed to the resulting compactness. Careful 
detail design and space utilization then took full ad- 
vantage of this idea to yield a small cabinet without re- 
sorting to some of the expedients previously employed to 
gain the low compact appearance, as for instance by 
stacking the cigarettes vertically downward and using 
spring elevation on the cigarettes for vending. This mode 
of operation occasionally results in stale packs of 
cigarettes to the customer since the stock replenishment 
takes place from the top thus pushing old stock down 
repeatedly and deferring their sale. Continental succeeded 


Match delivery index wheel and ejection arms. 
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Solenoid operated 
ejector finger, in 


erected vending 
position 


_—Ejector finger, 
idle position 


“Vend arm” front 
cigarette container \ 


—vVend arm”, rear 
cigarette container 


Link 


Broad 
stopping 
range for 
motor 


Centers of rotation, 
vend arms 


Eccentric pin 


Fig. 6—Diagram of motor action. Use of slotted rocker arm 


makes exact position of motor stop unimportant. 


in employing, instead, the simpler “‘first-in first-out” 
principle of gravity feed: packs are vended from the bot- 
tom of each stack and replenished from the top. 

The independent structure feature is clearly shown in 
Figs. | and 2. This is completed by the plug-in provision 
for the electrical elements attached to the cabinet front 
panel, i.e., push-button assembly and lights. 

\ prime example of the design attitude maintained 
throughout, that is of non-critical operating mechanisms, 


Fig. 7—Glass topped 
pushbutton with 
phosphor-bronze_ bridge. 


Fig. 8—Decisive electrical 
interlock consisting of 
pushbutton and_ printed 
circuit switchboard. 
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is the main cigarette pack selection and ejecting system. 
The dynamics of this involves a small gearmotor and 
twenty identical solenoids, but the motor is used only to 
provide physical movement, that is, mechanical power, 
and the solenoids are employed to accomplish the select- 
ing of cigarette brand. Thus the motor is not required to 
“index” or accomplish any fine positioning function, and 
needs neither brake or clutch. 

This is accomplished by the structure shown in Figs. 
3 and 4. The former is the heart of the matter. This is 
a twin rocker assembly, to take care of the dual cigarette 
compartments. These are linked and together are given 
a forward-and-back motion by the motor, once the signal 
to “vend” is completed. It may be seen that atop these 
angles are mounted twenty assemblies consisting of ejec- 
tor fingers and solenoids. Through the push button selec- 
tion, the proper solenoid erects an ejector finger which is 
restrained in this position by a catch spring. Then as 
the motor rocks the entire assembly, this selected finger 
alone acts to eject one pack of the chosen cigarette brand. 
If the “empty” system, later elaborated, does not prevent 
further action, this rocking also through a bar operates 
the match delivery index wheel and ejection rods, Fig. 5. 

This latter is illustrated as another example of the 
“simple, non-critical” design detail. The match bar re- 
ferred to in turn pushes another bar which cancels the 
“credit” and collects the money. These latter operations 
are inoperative if an “empty” signal is forthcoming. 
Thus the motor simply goes through one cycle, driving a 
pin in a slotted bar for the rocking action, as clearly 
shown in Fig. 6. The exact position of motor start and 
stop is thus extremely non-critical. 

An important aspect of the total design philosophy 
maintained during the Continental development program 
bears directly on the crucial question: In view of all the 
features and product appeal demanded and successfully 
achieved, how was cost kept down to a competitive level? 

This was largely accomplished by the realistic defini- 
tion of a vending machine as a relatively “low-use” 
device. Years of active service would still not mean really 
large numbers of actual translations or rotations of mov- 
ing parts, which could therefore be economically con- 
structed so as to be conservatively adequate but not 
over-designed. Plain bearings for instance, that is simply 
punched holes, could be used for the low velocity occa- 
sional oscillation of shaft members. This was paralleled 
by insisting on identical parts for as many uses as pos- 
sible, both purchased standard components and fabricated 
items. The precision actuator snap switches, for example, 
are all the same, as are most of the solenoids. Continental 
then was in a position to justify expensive tooling for 
high-use parts, giving low unit cost. 
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Fig. 9—Functional wiring diagram of cigarette vending machine. 


Empty System. In front of each set of columns there 
is a right angle bar, visible in Fig. 1, called the vend flap. 
As a pack of cigarettes is ejected, this flap is raised and 
opens a switch (vend flap switches, Fig. 9), which “in- 
forms” the system that the selected brand is in stock. 
If the selected brand stack is empty the vend system 
goes through its to and fro motion but the vend 
flap is not operated, nor therefore the associated switches. 
This sets the entire “empty” sequence in operation: a 
clear “EMPTY” light, conspicuous between the two sets 
of push-buttons on the front panel, comes on with an 
accompanying buzz to call the customer’s attention. 
Through a switch briefly operated by the main motor 
action (“Empty” switch, Fig. 9) in each cycle, the 
“Empty” solenoid coil holds the “Empty” signal on until 
the customer decides either to select an alternative brand 
of cigarettes or to operate the coin return to retrieve his 
money. 

Coin Handling. Through the years of vending ma- 
chine development certain firms have produced highly 
specialized and efficient coin handling equipment compo- 
nents, which Continental considered required no improve- 
ment and adopted as purchased products in the new de- 
sign. This applied to the standard slug rejector, which 
senses size, weight, thickness and other properties of the 
received “coins”, all of which are inserted in a single 
slot. 


The coins, if accepted as such, then pass to a set of 


160 


three switches, one each for nickels, dimes and quarters 
(“Coin switches”, Figs. 9 and 10), after which they are 
temporarily stored pending machine and customer de- 
cision on final disposition, that is “collect” because of 
satisfactory purchase, or customer selection of alternate 
brand if choice is “Empty”, or “Coin Return”. Upon 
brand selection by the customer, a coin return chute is 
shifted by solenoid action so that it leads to “Coin Col- 
lection” rather than “Coin Return”. This chute is re- 
stored to the coin return position at the end of the motor 
cycle. As a “fail-safe” feature, the coin return mechanism 
is entirely mechanical, thus being operative in the event 
of power failure or electrical difficulties. 

Problems Solved Electrically. As indicated earlier, 
a strictly mechanical vending machine is inherently noisy 
and laborious in operation and does not yield the control 
sensitivity or fool-proofness associated with judicious 
use of electrical mechanisms. 

Certainly the new and ingenious selection push-button 
system demonstrates these qualities. Every-time operation 
was designed into this, plus positive assurance for the 
machine location owner and the machine owner that only 
one delivery for a suitable coin insertion was possible, 
which mechanical “interlock” systems do not. positively 
assure. The key elements of this device are shown in 
Figs. 7 and 8. A glass topped push-button, spring loaded, 
slides a phosphor-bronze bridge across a “printed cir- 
cuit” board. Upon depressing any one button in this man- 
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Fig. 10—Circuit of the vending system. 


ner, the line circuit to all the remainder of the twenty is 
positively opened, and power delivered to solely the one 
selected brand solenoid. If more than one button is de- 
pressed simultaneously, precedence is assumed by the 
one which happens to be earlier in the series circuit; 
this one brand is delivered. 

Near the base of the machine, easily accessible for 
servicing, is a patch-panel, the price differential board. 
This permits rapid and unmistakable setting of prices for 
each column of cigarettes independently. Electrically, 
this board intervenes between the coin switches and the 
activating cigarette pack ejecting solenoids so that the 
circuit to the latter is completed only if the proper total 
of coins is inserted. Addition to the necessary 25, 30 or 
35 cent level in any case is accomplished by the ratchet, 
Fig. 9, which is stepped one point by a nickel, two by a 
dime and five points by a quarter by the “Coin Actuated 
Coils” in the same diagram. 

All the electrical elements are rugged and simple in 
operation, none being delicate or requiring calibration 
or adjustment. The wiring, fuse location, and electrical 
part replaceability when required were all conceived and 
executed for service without special skills or tools, the 
use of plug and tapered tab connectors being typical ex- 
amples of this. 

Product Design for Acceptance. In order to com- 
plete and follow through on the array of functional fea- 
tures which would be recognized by cigarette machine 
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owners and distributors, the machine as a product de- 
manded visual design unity and external detail which 
would create a feeling of quiet thoroughness, to be at- 
tractive to the machine location owner, restaurants and 
the like, and of course invite cigarette sale by inducing 
favorable reaction in cigarette buyers. 

Continental placed this aspect of the project in the 
hands of Monte Levin, New York industrial designer, 
wisely both early in the program and with assurance of 
complete cooperation. This was followed through with 
full satisfaction to both client and designer. For instance, 
referring to the console exterior, the commanding and 
conspicuous metal escutcheon consisting of the push- 
button frame and the delivery slot reveal was an im- 
portant visual element in a shape which was inevitably an 
elemental box. It was discovered that the unity of this 
escutcheon form was impossible to maintain if the reveal 
and vertical element were a die casting, and the push- 
button frame were formed sheet metal; the two were in- 
curably disunited in appearance and of course in feel. 
Continental changed the push-button frame to an alu- 
minum die casting, successfully providing the desired flat, 
unrippled mat surface, and this expedient also provided 
greater mechanical strength in the push button assembly. 

Unobtrusive life and color were given the machine 
by diffused lighting back of the circular advertising dis- 
play and the glass push buttons, which carry miniature 
cigarette brand labels. oo0O°o 
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Thermal Considerations in 
Power Transistor Applications 


Vethod of determining operating junction temperature of 


power transistors for steady state and transient conditions 


based on one thermal measurement and manufacturer's data. 


APPLIED to a transistor, 
As the tem- 
perature of the junction increases, more hole electron 


WHEN VOLTAGE AND CURRENT ARI 
heat is generated at or near the junction. 


pairs are generated, with the resultant increases in the 
saturation component of /,,. If this generation effect con- 
tinues, the device becomes inoperative at some tempera- 
ture. For germanium devices this temperature may be in 
the neighborhood of 100 C, for silicon. 200 C. 

In power transistors considerable energy is dissipated 
internally during operation, and the resultant heat created 
must be removed efficiently to eliminate adverse effects of 
thermal runaway. 

Heat Removal. Of the three possible basic methods 
of heat removal, conduction is the most important in 
transferring heat from a transistor junction to the out- 
side case in present power devices. 

Most power transistors do not use solid encapsulants 
or internal liquid coolants. They either are almost com- 
pletely evacuated or are back filled with dry air or some 
inert gas. The collector electrode. which in most cases 
has the largest area, is soldered to a copper seat or base. 
The collector electrode in typical germanium PNP de- 
indium: for silicon devices, alu- 


vices consists of 


minum or alloys of aluminum are used. Many sources 


of resistance to heat removal are created in trans- 


istor fabrication. A diagrammatic representation of a 
PNP alloy power transistor mounted for heat removal 
is shown in Fig. 1. Thermal resistance is present in the 
indium collector dot since indium has a poor thermal 
conductivity. Additionally, there is the resistance of the 
solder. This is a function of operational technique; the 
area and height of the solder may vary between units. 
Finally there is a thermal differential between the solder 
and the exterior of the copper base. This represents a 
number of series thermal resistances between the junc- 
tion and copper base. The copper base is frequently 
mounted on an external heat dissipator for additional 
heat removal. 

From the above, a thermal equivalent circuit for the 
device is suggested and is shown in Fig. 2 as an elec- 
trical analog. 

The series thermal resistances between the junction and 
case are lumped together and designated as R;. The tran- 
sistor case resistance is R,, and R, is the resistance of 
an external sink if one is used. The value of R; can be 
calculated knowing the dimensions of the collector, and 


Fig. 1 — Internal arrange- 
LLM DDO Me SE tot 
elements. Collector elec- 
eCPM Tele 1M ia.) 0 
per base for heat removal. 


Fig. 2—Thermal equivalent 
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the area and height of the solder. If all the power dis- 
sipated in the transistor is assumed to appear at the 
collector junction and to be conducted to the copper 
base, then R;», any series element of R, can be calculated 
by the following expression: 


: oa (1) 
Ru = RA 
Where 


1 = area of the material 
L = height of the material 
k thermal conductivity 
In practice, however, it becomes difficult to make a 
useful calculation of R; because of the lack ef process 
control in manufacture. Therefore, in the earlier days of 
transistor work, in order to experimentally determine 
the value of R:, thermocouples were embedded close to 
the junction. More refined methods of thermal resistance 
measurement now exist whereby the device can be 
measured in its final form by electronic methods using 
the transistor as a thermometer. (1)* The referenced 
method employs an isothermal dissipator which eliminates 
the long time constants of external dissipators. The 
thermal equivalent circuit applicable when this method 
is used is shown in Fig. 3. The measurement consists of 
operating the transistor at a power level P; on an iso- 
thermal dissipator controlled to temperature 7, to obtain 
a given junction temperature 7';; the isothermal dissipa- 
tor temperature is then changed to 7, and the transistor 
power level is changed to P, to maintain 7; constant. The 


thermal resistance R; is then: 


T T» 
R, P Pp deg C per watt (2) 


Utilization of this method of thermal measurement leads 
to the determination of an important power transistor 
parameter. 

Steady State Thermal Considerations. The value 
of operating junction temperature is of utmost im- 
portance in power transistor applications. Investigations 
have been conducted to uncover the most optimum 
method for this measurement. Included among these 
methods is mounting the transistor on dissipators of 
various sizes and determining junction temperature under 
d-c operating conditions. It was initially assumed that 
if a plot of log /., 
relationship existed. This premise was included in all 


vs temperature were made, a linear 


transistor calibrations before conducting thermal re- 
sistance measurements on finite dissipators. It was as- 
sumed that if the points did not fall on a straight line 
in this calibration, this was due to experimental error. 
It appeared to this investigator to be a trouble spot which 


*Italic numerals in parentheses refer to Cited References at the end of text 


Fig. 3—Thermal equivalent 
circuit with isothermal heat 
dissipator. 
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could lead to anomalous thermal results since small dif- 
ferences in junction and case temperatures are encoun- 
tered in a measurement of this sort. In plotting the log 
I... temperature characteristic, it was latter decided not 
to approximate a smooth curve but to connect each point 
by straight lines. A curve results which is not linear on 
a semi-log plot. 

If the approximate curve is assumed, the following type 
of information will result for a device mounted on a finite 
dissipator: it appears that the thermal resistance varies 
as a function of temperature, the higher the junction 
temperature, the more the device conforms to the thermal 
resistance value measured in an infinite dissipator. This 
point is illustrated in Table I with a few random tran- 
sistors where R; refers to the thermal resistance meas- 
ured on a finite dissipator (in this case 3144 x 344 x 
in. aluminum) and R;; refers to the thermal resistance on 
an isothermal dissipator. It appears from Table I that 
R;, as measured, decreases as a function of junction tem- 
perature. This result does not agree with the assumed 
equivalent circuit shown in Fig. 2 where R; is constant. 
This error in measurement is attributed to the straight 
line extrapolation made in the transistor calibration curve. 

If, instead of extrapolating, point-by-point connections 
are made, the nonlinear curve results. If this calibration 
is now utilized in thermal resistance measurement, the 
resultant data are more reasonable. The results are pre- 
sented in Table II. 


(Continued on page 302) 


Table I—Thermal Resistance as a Function 
Junction Temperature for Extrapolated 
Transistor Calibration 
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Table ll—Thermal Resistance as a Function of 
Junction Temperature for Point-to-Point 
Transistor Calibration 
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2nd Design Engineering Conference . . . 


will explore interrelated problems arising in three major 


areas of machine design—mechanical, electrical and materials. 


SPONSORED BY THE Machine Design Division and the 
Metropolitan Section of the American Society of Me- 
chanical Engineers, the 1957 Design Engineering Con- 
ference is to be held in conjunction with the Design 
Engineering Show at the New York Coliseum, May 20-22. 
The technical program, which was prepared by a Special 
Conference Papers Committee pictured below, is intended 
to be a practical blending of subjects in the three major 
areas of machine designing. These areas are materials 
systems, mechanical systems and electrical systems. The 
unique virtue of this conference is the fact that it real- 
istically combines these three areas into a single con- 
tinuous forum. 

The conference is a synthesis of ideas; an expression in 
a sense of the dynamic concept of the electromechanical 
approach to the problem of design engineering. The con- 
ference reflects the developing practice among machinery 
manufacturers and others to organize teams of engineers 
to insure correct approach to the total problem of design- 
ing today’s complex products. It is doubtful that any 
other conference today could succeed in combining and 
exploring such subjects as numerical control for ma- 
chinery and new developments in design and application 
of gearing. Yet these subjects are related so far as design 
teams are concerned. 

Sessions are planned for mornings of three of the four 
days of the concurrent show. On two of the mornings 


Members of 
Design Engineering 
Conference 


Papers Committee 


As for the 1956 Design En- 
gineering Conference the 1957 
conference has been arranged 
by a special papers committee 
composed of the chief editors 
of four design engineering 
magazines, pictured here. Mr. 
Haback, vice president, en- 
gineering, Worthington Corp., 
is an ex-officio member. 


George F. Haback, Chairman 
ASME Machine Design Di- 


Vision 


there will be simultaneous sessions in the three broad 
design areas. Yet the purpose of the planning was not to 
attract audiences within the narrow limits of the subject 
matter. Rather it is to inform engineers working in one 
field of design of what is going on in other related fields 
as they impinge on the overall problem of a complete 
integrated design of an end product. 

If an electrical engineer would hope to grasp the whole 
design problem, he will have to familiarize himself with 
mechanical phases of design as well as with developments 
in materials. Likewise, the mechanical designer needs to 
know what is happening in the field of application of 
electrical power and control as these developments affect 
structural and dynamic phases of design. The latter con- 
cept is particularly applicable to the second Electrical 
Session (Session VII) which is aimed in one part in 
bringing “mechanicals” up to date on the factors that 
determine the economy of applying numerical controls to 
machines. Factors include: physical size of controls, com- 
plexity, maintenance, type of data, methods used and the 
preparation of records. Also to be discussed are the types 
of machines for which numerical control is of doubtful 
value or even economically and technically unsound. 

In a second part of the same session, a mechanical de- 
signer will describe for the benefit of “electricals” what 
mechanical factors need be considered in “Designing 
Machine Tools for Automatic Controls,” from the point 


Colin Carmichael, Editor 
Machine Design 


Henry R. Clauser, Editor 
Materials & Methods 
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Design Engineering Conference, New York Coliseum, May 20-22, 1957 


Monday, May 20 

Session | 10:00 a.m. 

Procedures in Developing New 

Designs 

PANEL SEssION 

Moperator: George F. Nordenholt, Edi- 
tor, Product Engineering 

PANEL MEMBERS: 
T. Morris Butler, Director of Engi- 
neering, Burroughs Corp. 
Myron S. Curtis, Engineering Vice 
President, The Warner & Swasey Co. 
George F. Habach, Vice President, 
Engineering, Worthington Corp. 
William J. Russell, Vice President, 
Engineering, Landers, Frary & Clark 
Robert H. Hose, Partner, Henry Drey- 
fus Associates 
Walter Dorwin Teague, Industrial De- 
signer 


Tuesday, May 21 
Session II 9:30 a.m. 
MECHANICAL SESSION 
New Developments in Design and 
Application of Gearing 


D. W. Dudley, Advanced Design En- 


Mech. Engrg., 
York 


City College of New 


Session III 

MATERIALS SESSION 

Metallic Materials 
C. R. Simcoe, Principal Metallurgical 
Engineer, Battelle Memorial Institute 

Ceramics and Refractory Materials 
John H. Koenig, Director, and E. J. 
Smoke, Professor, School of Ceramics, 
Rutgers University 


9:30 a.m. 


Session IV 9:30 a.m. 
ELECTRICAL SESSION 
Selection of Motors with New 


NEMA Frame Sizes 
Earl Barnes, Asst. Chief Engineer, 
Reliance Electric & Engineering Co. 
Static Switching Devices 
Prof. Robt. A. Mathias, Department 
of Electrical Engineering, Carnegie 
Institute of Technology 


Wednesday, May 22 
Session V 9:30 a.m. 
MECHANICAL SESSION 


Session VI 9:30 a.m. 
MATERIALS SESSION 
Plastics and Rubbers 
Wyman Goss, Manager, Phenolics En- 
gineering, Chemical Materials Dept., 
General Electric Co., Pittsfield, Mass. 
Coatings and Finishes 
H. J. Reindl, Supervisor, Research 
and Development, Finishes Section, 
Inland Manufacturing Division, Gen- 
eral Motor Corp., Dayton 


Session VII 9:30 a.m. 


ELECTRICAL SESSION 

Numerical Control for Machinery 
Claude D. Coffin, Senior Elect. Engi- 
neer, The Warner & Swasey Co. 

Economics of Computer Controls 
C. B. Sung, Mer., Mech. Dev. Section, 
Research Laboratories Division, Ben- 
dix Aviation Corp., Detroit 


Wednesday, May 22 7:00 p.m. 
Banquet, Hotel Sheraton-Astor 
The Design of a Profession 
Speaker: W. F. Ryan, President, The 
American Society of Mechanical En 


gineer, Gear Engineering 
General Electric Co., West 
Mass. 
New Developments in the Design and 
Application of Cams 
Prof. Harold A. Rothbart, Dept. of 


Lynn, 


Hopper Feeding 
Floyd E. 


of view of high performance with maximum economy. 
Included are the nature of drive units, machine structure, 
friction, backlash, load disturbances and feedback in- 
strumentation. Although the specific considerations are 
for machine tools, most of them are applicable to other 
types of machines designed for automatic control. 

In the first Electrical Session (Session IV), again the 


George F. Nordenholt, Editor 
Product Engineering 


Frank J. Oliver, Editor 
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Designing for Easier Machining, 
Handling and Assembly 
Kurt O. Tech, Vice President, Engi- 


neering, The Cross Co. 


Smith, 
Equipment and Engineering Co. 


gineers 


Design Engineering Show 


May 20-23, 1957 
12:00 noon to 6:00 p.m. 
Monday through Thursday 


President, Perry 


audience envisioned is the mechanical designer rather 
than the electrical. The latter tell the mechanical what has 
been happening in recent years in electrical motors as 
power packages and in static switching devices. In the 
paper, “Selecting Motors with New NEMA Frame Sizes,” 
some of the significant changes in frame sizes of a-c and 
d-c motors are discussed. Application of these new motors 
to motor-driven equipment, it will be pointed out, can 
effect improvement in performance, economies in first 
cost and operation, improved appearance, reduction in 
size, and other benefits by taking advantage of the new 
electrical and mechanical features. Obviously such 
changes will affect structural elements of the driven ma- 
chine and the overall product designer needs to know 
what they are. 

To understand what is going on in static, “solid-state” 
elements used as switching devices to replace relays with 
moving contacts in machine electrical control systems, 
one has to become familiar (as many ELECTRICAL MANU- 
FACTURING readers are) with logic functions of AND, OR 
or NOT. Under the tutelage of a Carnegie Tech professor, 
static logic power supplies, sensing and input devices, 
and output power amplifiers will be explained and related 
to the relative cost factors of each. A description of the 
general procedure to be used in laying out static switch- 
ing systems will be given for the benefit of both electrical 
and mechanical engineers. 


‘ 


(Continued on page 312) 
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DESIGN TRENDS 


Induction Heating Alternators Stress Life and Service 


HARRIS SHAPIRO 
Chief Engineer 
Star-KimB_e Motor Division 
SAFETY INpustrigs, INc. 
BLOOMFIELD, New JERSEY 
THE RAPID EXPANSION of the induction 
heating industry has caused consider- 
able attention to be focused on the 
development of high power high fre- 
quency power supplies in the range of 
1000 to 20,000 cps. This power is ob- 
tained either through motor generator 
sets or electronic oscillators. In fre- 
quencies below 3000 cps the motor 
generator set has no competition from 
the viewpoints of cost, reliability and 
versatility of performance. At the 
higher frequencies in the order of 
10,000 cps, and in ratings below 50 kw, 
oscillators may be cheaper but due to 
their inherently low efficiences, espe- 
cially at partial loads, and their in- 
herently high 
motor-generator sets are often preferred 


maintenance _ factor. 
even in these ratings. 

The Star-Kimble Motor Division has 
developed a completely new line of to- 
tally enclosed water cooled motor- 
generator sets in sizes up to and 
including 300 kw at 3000 cps and 175 
kw at 10,000 cps. The entire line has 
been designed to combine extremely 
sturdy mechanical features with con- 
servative electrical performance to 
provide years of trouble free opera- 
tion. A 200-kw, 3000-cps m-g set is 
shown in Fig. 1, with specifications as 
tabulated. 

The high speeds and numerous poles 
required for high frequency generation 
preclude the use of the common re- 
volving field alternators for this use and 
designers have concentrated on the de- 
velopment of the inductor alternator 


machine. Of the two significant varia- 
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Fig. 1—Motor-gen- 
erator, 3000 eps 
200 kva, for induc- 
tion heating. 


tions of the inductor alternator Star- 
Kimble has selected the “heteropolar” 
as against the “homopolar” form. The 
differences are not merely technical; 
they are of major importance in the 
use and service of the machines. 

In the homopolar inductor alternator, 
Fig. 2. the exciting field ampere-turns 


links the shaft, bearings and frame. 
Even though precautions are taken to 
break this magnetic circuit by using 
either a non-magnetic shaft or a non- 
magnetic spacer between end bracket 
and frame, stray leakage flux through 
the bearings may still exist. This can 
produce induced bearing currents which 


MAY 1957 ELECTRICAL MANUFACTURING 





Magnetic field paths 


il | hl 
Lh 


ny 


—_ — o_o 


S 
\S 


ASSESSES 


NWN 


laminations 


Wt 


cl 


Stationary armature 
and field windings 


Stator 
laminations 


Fig. 2—The basic homopolar inductor alternator principle, 
showing magnetic leakage paths through shaft, bearings and 
thousing. 


Fig. 4—Dual alternator 
stator without windings. 


can in turn produce arcing and pitting 
of the bearings with subsequent bearing 
failure. The homopolar machine is also 


The magnetic circuit of the machine is 


illustrated in Fig. 3. A multipolar mag- 
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Fig. 3—The heteropolar principle, with magnetic field re- 
stricted to the laminations. 


magnetic flux it is only a structural 
member and the heteropolar machine 
is much lighter than the homopolar 
machine. The entire magnetic circuit 
of the heteropolar machine is laminated 
whereas the frame and rotor spider of 
the homopolar machine are solid. The 
field inductance and time constant of 
the heteropolar machine are thus in- 
herently much lower than the homo- 
polar machine and the heteropolar con- 
trol response is therefore much faster. 
In the new line of machines, an in- 
duction motor is used to drive two 
identical but independent generator 
sections in the larger machine ratings. 
This offers flexibility in use and con- 
trol as the two may be used separately 
to supply individual control stations or 
in series, or parallel, depending on 
desired voltage to provide rated out- 
put. For the latter mode of operation, 
extreme precautions are taken in ma- 
chining and assembly to insure mag- 
netic alignment between the two units 
so as to avoid objectionable circulating 
currents. The machine is conservatively 
rated as Class B though epoxy insulated 
windings will actually meet Class F* 
temperature requirements. 
Mechanically the machine has been 
designed for maximum strength and 
minimum maintenance. Vibration 


a very heavy machine since the main 
magnetic circuit includes the frame and 
rotor spider and these must have a 
cross section large enough to carry the 
main flux. 

The newer “heteropolar” type of in- 
ductor alternator avoids these faults. 


fFREADER INQUIRY SERVICE CARDS, PRECEDING 


netic field is set up by field coils wound 
in the same laminations as the armature 
coils and the closed magnetic circuit 
includes only the stator and rotor lam- 
inations and the air gap. Since no 
ampere-turns link the shaft the problem 
of induced bearing currents is elim- 
inated. Since the frame carries no 


BACK COVER 


mounts are integral with the machine 
so that complete installation is effected 
by merely levelling and bolting to the 
foundation. The machine has been de- 


**Temperature Classification of Insulating Materials,”’ 
Evectrrican MaNnuracturinc, September 1954, p. 152 
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Fig. 5—Unitary welded 
vertical rotor with fan. 


Specifications of Induction Heating M-G Set 





Horsepower 300 

Voltage 440 
Frequency, cps 60 

Phases 3 

Speed, rpm 3600 

Type Squirrel cage 
Insulation Class B 
Duty Continuous 


signed to operate vertically so that all 
problems of shaft sag and whip as- 
sociated with horizontal machines have 
been eliminated. Since the rotors of 
both the alternator and motor charac- 
teristically lack windings, problems of 
brush and slip ring maintenance as- 
sociated with conventional alternators 
are eliminated. 

The unit has been designed with the 
load bearing on top and the entire 
rotor weight is supported by this bear- 
ing, Fig. 6. Should it ever be neces- 
sary to replace this bearing it can be 
done without disassembly of the ma- 
chine and removal of the rotor, as is 
required with horizontal machines and 
vertical units having the load bearing 
on the bottom. The roller bearing at 
the bottom serves only as a guide, in 
the new design. 

Cooling of the unit is accomplished 
by blowing air over a two piece water 
jacket wrapped around the center of 


Generator 
Kw 200 


Kva 200 
Current, amp 250 /500/1000 
3000 


Frequency, cps 
Phase 1 

Type Inductor 
Insulation Class B 
Duty Continuous 


the machine. After prolonged operation 
in hard water areas, the accumulation 
of scale and deposits may necessitate 
replacement of this water jacket. This 
can be rapidly accomplished without 
disassembling any other part of the 
machine. 

A conspicuous signal light box pro- 
vides constant visual assurance that the 
machine is operating properly. Ma- 
chine protection is provided against 
overheating of top and bottom bear- 
ings, excessive air and water tem- 
peratures and against water pressure. 
failure. Overheating or pressure failure 
causes automatic shut down of the unit 
and the cause is indicated by the af- 
fected indicator light going out. Thyrite 
over-voltage protection is also provided 
to protect from transients or acciden- 
tal load resonances. 

The entire line of machines is built 
in accordance with JIC and NEMA 
standards. 000 


Corrosion of Copper by Electrical Insulation 


CHARLES D. DOYLE 

General Engineering Laboratory 
GENERAL Evectric COMPANY 
Schenectady, N. Y. 


ORGANIC POLYMERS are ordinarily con- 
sidered as protective coatings, rather 
than as corrosion media. However, im- 
properly chosen electrical insulating 
materials may lead to corrosion of fine 
copper conductor wire under certain 
operating conditions. Material accept- 
ance tests, intended to rule out corro- 
sive insulations, have therefore been 
established. One such test, ASTM D- 
1000-48T has been applied frequently 
to insulating tapes in the General 
Electric General Engineering Labora- 
tory.* Nevertheless, instances of im- 
proper selection of insulation still oc- 
cur. This is particularly true of ma- 
terials that contain carbon-bonded 
*See also “Testing Organic Materials for Electrolytic 


Corrosion,” c. H. Kreck, December 1953, 
Execraica, Manvuracrunine, p. 133. 
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chlorine. Such compositions often ap- 
pear to be safe to use when tested 
according to ASTM D-1000-48T, but 
cause failure in service. Generally in 
cases like this it turns out that the 
service conditions involve moisture and 
relatively high temperatures. 

Since it was felt that the conditions 
of ASTM D-1000-48T are too mild to 
induce appreciable breakdown of chlo- 
rine-containing polymers over the brief 
test periods specified, a more severe 
test was devised and applied to several 
potentially corrosive insulating materi- 
als in this laboratory. 


Test Method 


In this test, a resin specimen of 
known area is exposed for one week 
in loose contact with a disk of copper 
of known area and weight in a test 
cell, containing moist air at 135 C +5 
C, at atmospheric pressure. The copper 
disk, after exposure, is carefully clean- 
ed and re-weighed. The extent of corro- 


sion is then expressed as per cent of 
copper destroyed, calculated on the 
initial weight. 

The resin specimen is a 1 in. cube, 
sawed or machined from the sample 
stock to a tolerance of +10 mils on an 
edge. The copper disk is punched from 
5-mil sheet-stock with an ordinary 
paper hole-puncher. The disk is ham- 
mered flat, then wiped clean with a 
soft eraser, e.g., an, Eberhard Faber 
“Pink Pearl” No. 100, before weighing 
to 4 decimal places on the analytical 
balance. 

The resin cube and weighed copper 
disk are then placed in loose contact 
in the clean, dry test cell, as shown in 
the accompanying drawing. Next, a 
small quantity of distilled water is run 
into the cell from a pipette. The actual 
quentity is determined by trial and 
error for a given cell and oven-setting 
combination. In this laboratory, with the 
oven running at about 142 C, a distilled 
water charge of 0.2 milliliter brought 
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the temperature of the sample region 
into the 130 to 140 C range. 

After charging, as described above, 
the thermometer and water-cooled con- 
denser are silicone-greased and seated 
tightly in the cell. Next, the appropri- 
ate cold water and drain connections 
are made secure and a wad of glass 
wool. or similar material, is set loosely 
in the open end of the condenser, to 
exclude airborne dirt. The sample end 
of the cell is then mounted in a hole 
in the top of a circulating air oven 
(see drawing). 

The time required for the test cell 
to attain its apparent equilibrium tem- 
perature will vary quite widely from 
run to run, being affected by glass 
surface conditions inside the cell, How- 
ever, within 3 to 24 hr after the test 
has been started, the temperature in 
the sample region will level off, chang- 
ing only a few degrees with oven 
fluctuations, and as water droplets 
occasionally fall from the cold wall. 

One week after its insertion in the 
oven, the cell is removed and emptied. 
Between tests the cell is cleaned by 
allowing nitric acid or dichromate- 
sulfuric acid cleaning solution to stand 
in it for an hour or so. It is then rinsed 
thoroughly in tap water, then distilled 
water. Finally, it is dried thoroughly 
in an oven. 

The exposed copper disk is also 
rinsed in tap water, then dried and 
carefully cleaned with a typist’s stick 
eraser, e.g., an Eberhard Faber “Eraser 
Stik” No. 7099B. A convenient tool 
for removing loose scale is made by 
clipping the brush end of the eraser 
stick short. More stubborn scale is 
carefully removed with the eraser end 
of the stick. Final cleaning should be 
accomplished with a soft eraser, to 
prevent removal of unattacked copper. 
With reasonable care the scale can be 
removed quite completely from the cop- 
per in this manner. 

The clean, dry copper disk is then 
weighed to 4 decimal places on the 
analytical balance. Per cent copper- 
corrosion is then calculated from the 
expression: 


P. = 100 x &— — py 
Jo 


where 


P. = per cent corrosion 

go and gy = the initial and final weights 
of the copper disk, in grams 

P. = blank value of P, in the test, that 
is the per cent corrosion of 
the copper in the absence 
of a resin specimen. (In 
this laboratory P.» was 
found = 0.62.) 


The results may also be expressed 
in terms of milligrams of weight lost 
per sq cm of area of the copper disk: 


COOLANT WATER —» 


WATER COLLECTS HERE. 
DROPLETS FALL BACK 


Y 


ON SAMPLE 


SAMPLE CUBE AND 
COPPER DISK 


¥ 10/30 THERMOMETER JOINT 


£ 24/40 CONNECTION TO 
JACKETED CONDENSER, 
CONDENSER LOOSELY 
PLUGGED TO EXCLUDE 
DIRT AND MOISTURE. 


ROOM AIR 


Wii 


OVEN AIR 


Equipment for measuring corrosion of copper by insulating materials 
under hot, wet conditions. Test cell is shown here to a scale of 1:1, except 
that the copper disk specimen is exaggerated for clarity. 


1000 X (Go — gs) (2) 


ee 


Corrosion = 


where 


ge and gy are defined as in Equation 1 
and r is the radius of the 
copper disk, in centime- 
ters. 


Discussion 


It might appear that the corrosion 
test, described above, is much too crude 
for material acceptance purposes. For 
example, while careful brush-cleaning 
of specimens is regarded as an accept- 
able practice, cleaning by means of 
rubber erasers might cause some eye- 
brows to lift. However, the method has 
proven quite reproducible, given close 
temperature control. In successive tests 
on unplasticized polyvinyl chloride, 
conducted within a +2 C temperature 
range, reproducibility was of the order 
of 7 per cent with 95 per cent prob- 
ability. Earlier, when temperature was 
controlled only within +5 C, successive 
runs differed by +26 per cent with 95 
per cent probability. The error due to 
changing operating personnel was neg- 
ligible by comparison. 

Also studied in the case of unplas- 
ticized polyvinyl chloride was the rela- 
tive severity of wet and dry tests. In 
the tests wherein the cell was run with- 
out water droplets, the corrosion of 
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the copper was approximately 2.5 times 
as severe as for a blank run. In the 
wet tests, the copper was corroded 
nineteen times as severely as in the 
blank test, or about seven times as 
severely as in the dry test. This is felt 
to be a good indication of direct ap- 
plicability to probable service experi- 
ence, 

The differentiating efficiency of the 
test is illustrated in the appended table, 
wherein are listed the average per cent 
corrosion values, calculated from Equa- 
tion 1, for a few polymer types. Com- 
pared against a background error of 


Copper-Corrosion by Insulating 
Plastics in Hot, Wet Air 


| Per cent 


Plastic | corrosion 





Unplasticized polyvinyl chloride | 12.12 
Tetrachlorophthalate-polyester | 2.66 
“‘Het’’s-polyester 0.44 
“Het’’-epoxy | 0.30 
“Het”-epoxy, over-heated (to | 

220 C) | Rey 
Phthalic-epoxy” 0 


a Hooker Electrochemical Company trade name for 
hexachloroendomethylene _ tetrahydrophthalic anhy- 
iride 


b Contains no carbon-bonded chlorine. 
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7 per cent most of the differences 
among materials in this table are high- 
ly significant. 

The method has not been applied to 


the problem of batch-to-batch varia- 
tion as yet, owing to the pressure of 
different work. It is in the hope that 
others may wish to apply the test in 
such a manner that this paper has been 
prepared. O0O°O 
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Testing Bond Strengths of Copper Clad Laminates 


J. O. BARLON, J. 
P. H. NASH 
Co.iiins Rapio Company 
Burbank, Calif. 


A. BROWN and 


THE DESIRABILITY OF EVALUATING the 
physical properties of printed-circuit 
base materials is increasingly necessary 
because of the varieties of production 
techniques to which base materials are 
subjected as well as the variety of en- 
vironmental conditions met by finished 
printed-circuit boards. 

The evaluation of bond strengths be- 
tween copper sheet and strips and the 
base material has been previously 
accomplished by determining the peel 
strength of a strip 1 in. This 
specification is somewhat satisfactory 
for raw material but falls down badly 
on finished circuit boards and fails en- 
tirely in evaluating the effect on bond 
strength of such things as soldering 
and plating. Obviously. the effects of 
production techniques should be con- 
sidered in selecting materials. 


wide. 


Fig. 1—Setup for testing bond strengths 
of printed circuitry. 
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Typical Bond Strength Test Results 


Pull for each trial, Ib 


0 51 91 43 
63 98 105 117 95 
89 108 94 100 65 
60 48 63 76 42 
96 64 108 96 55 
64 38 60 71 67 
83 108 118 107 111 
105 106 92 103 87 


TO nMOOWyY 


Epoxy-Glass laminates with 2 a ee “0 


117 108 89 102 


Avg. |b Avg. psi 


51 1020 
88 118 74 99 2016 
85 68 90 84 1670 
44 30 60 57 1140 
44 80 97 81 1628 
54 53 62 58 1181 
2057 


98 102 88 94 1914 


XXXP laminates with 2-oz Copper 


50 32 35 32 37 
37 67 65 80 26 
41 32 45 11 18 


The test described below is applic- 
able not only to raw materials but also 
to finished boards or test panels which 
may be subjected to all sorts of treat- 
ments and environments. It 
around a mechanical tensile testing 
machine, the specific one in this case 
being a Dillon Model L with a 250 Ib 
dial (W. C. Dillon & Co., Van Nuys, 
Calif.). Figure 1 is a picture of the 
machine and Fig. 2 is a closeup of the 
holding and pulling jigs used. 


centers 


Since printed-circuit boards are usu- 
ally ultimately soldered it was decided 
to use a pulling fixture that is attached 
to the test specimen by soldering and 
to standardize soldering techniques in 
order to get consistent results. It seems 
reasonable to solder the fixture under 
conditions there is the least 
possible or no damage to the material. 
since any raw 


where 


material which cannot 
stand this much soldering is not usable 
for printed circuitry. With this premise 
established it then becomes possible to 
study the effects of all kinds of solder- 
ing at various temperatures, the effects 
of plating and effects of any other vari- 
ables provided that the final soldering 
of the test fixture is done under condi- 
tions of no damage. This method of 
testing is also applicable to printed 
circuitry on ceramics, “plated-on” cir- 
cuitry etc. and the results obtained can 
be compared to tests of conventional] 
copper-clad laminates, 

The pattern chosen to be etched on 
the test specimens was a series of 0.25 


in. diam dots. The pulling fixture 


26 33 0 
0 35 25 
20 31 21 


Fig. 2—Pulling fixture with specimen 


and adapters. 


Fig. 3—Printed circuit test specimen with 
pulling fixture attached. 
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Where can you use VIA|RIF|L|O|? 


(the highly flexible Class B Sleeving and Tubing 
that licks Class A in performance = equals it in price) 


@ MORE FLEXIBLE — can be 
bent, even tied in knots, 
ALCL mddla iile Mla das rail: Ee 


INHERENTLY STRONGER — 
stands up under vibration, 
varnishing, baking. Good 
alpen Clos 


FREE 
TEST 
SAMPLES 


Mail coupon 
for yours 


@ MORE RESISTANT to water, @ LONGER LASTING at high 
alkalis, mild acids, common temperatures — withstands 
solvents, oils and greases. hundreds of hours at 300°F. 


4 


E- 


Pn 
ad ll 
> 


@ MORE STABLE—retains di- @ WIDER RANGE — available 
CTS Taco aal tam ole) tt: in 3 NEMA grades, 10 col- 
back during soldering. Te atl Yale aol 

short lengths. 


Cuts inventory, too! 


Superior to Class A insulation in performance—yet on a par with it in 
price— Varflo Sleeving and Tubing can be used economically for all 
Class A and Class B installations. This low-cost adaptability of Varflo 
enables many of our customers to achieve substantial savings in in- 
ventory. Available in NEMA Grades A-1 and B-1 tubing and Grade 
C-2 sleeving. 


Perhaps Varflo can solve your insulating problems. Describe them in 
a letter—no cost or obligation for our recommendations. 


VARFLEX CORPORATION 
504 W. Court St., Rome, N.Y. 


Please send me free folder containing description and test samples of 
Varflo Sleeving and Tubing. | am particularly interested in insulation for 


as tis te Sais eid ea too ear ain 
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shown in Fig. 3 was made from an 
8d box nail. The head was pretinned 
and was reused many times. A typical 
experimental procedure is to etch the 
dot pattern on test specimens of a size 
to fit into the holding jig. The panels 
are treated as desired (plated, dip 
soldered etc.) and the pulling fixture is 
then soldered to successive dots. A plate 
containing 0.5 in. holes is placed so the 
fixture shank projects through as shown 
in Fig. 2. This provides adequate sup- 
port to pull against. The pull made at 
a uniform rate of 0.5 in. crosshead 
travel per minute. It is felt that a mo- 


tor driven tester is desirable for uni- 
formity of application of the load. Suc- 
cessful tests have been made, however, 
using a hand driven machine. 

It was observed that for some ma- 
terials the bond of the copper to the 
base material is stronger than the base 
itself. It is felt that this type of test 
(which supplies an overall evaluation) 
more closely approximates conditions 
of usage. For example, one attribute 
of a printed-circuit board is its ability 
to withstand removal and replacement 
of a component such as a resistor 
soldered directly to the circuitry, usu- 
ally through an eyelet. The testing 
method described closely approximates 
the type of pull which results from 


such removal. 

The data in the table show that 
there is some variataion of strength at 
different locations on the test speci- 
min. This characteristic varies with dif- 
ferent manufacturers’ materials and is 
one measure of quality. Other ad- 
vantages of this type of test include 
the ability to make tests after the 
specimen has been plated so as to ob- 
serve the effects of plating solutions on 
the bond strength, numerical evalua- 
tion of the effects of soldering tempera- 
ture, and, in addition, the test values 
obtained can be converted to unit val- 
ues of tension for comparison to data 
obtained on boards with other sizes of 
circuitry. O00 


Stator Cores Wrapped and Welded Automatically 


A UNIQUE MACHINE combines the use 
of both hydraulic and electrical systems 
to form and weld stator core wrappers 
for fractional-hp electric motors in 36 
sec, average floor-to-floor time, a small 
fraction of the time originally taken 
when the operations were performed 
manually. 

Designed and built by Standard- 
Modern Tool Company Ltd., Toronto, 
Canada, the machine uses mechanized 
inert-gas-shielded arc welding with wire 
filler material fed from a reel. Pre- 
viously the wrappers were preformed 
in a hand-operated rolling machine, 
then clamped and manually welded. 
Advantages of the Linde “Sigma” 
argon-shielded method enables a rea- 
sonable tolerance in material thickness 
and joint fitup to be maintained, allows 
high welding speed and produces uni- 
form welds that need no cleaning. 

The sequence of operation is as 
follows: A stator with slot insulation 
but no windings in place is placed on a 
fixed mandrel. A wrapper sheet with 
ends preformed is placed beneath the 
stator (1). The automatic cycle then 
begins, initiated by push button. A 
bottom jaw rises, two side jaws ad- 
vance halfway, and then hydraulic rams 
force the side jaws together, closing 
the wrapper (2). The welding machine 
then performs the weld, after which all 
operating parts of the machine return 
to the starting positions and the 
assembly is ejected by a hydraulic ram. 

The weld starts and finishes a short 
distance from the edge of the wrapper 
since the assembly is machined to re- 
ceive end plates in a later operation. 
A ¥%-in. gap between the ends of the 
wrapper is specified to obtain a well 
penetrated, smooth weld without undue 
reinforcements. 

Some design details of the machine 


are of interest: The steel wrap-around 
jaws are actuated hydraulically and are 
synchronized as a pair through gearing 
and a rack so that as the lower jaw 
rises to begin the performing operation 
the two end jaws move upward to start 


the wrap-around. When the lower jaw 
is firmly clamped against the outer 
shell, two hydraulic rams engage the 
ends of the wrap-around jaws and com- 
plete the closure, thereby securely 


clamping the shell to the stator core 


yal 


Automatic machine forms and welds stator core wrappers for fractional hp motors 
in 36 sec. (Right) Sequence of operations starting with (1) placement of wrapper; 


(2) start of wrap; (3) 
(4) wrapped stator. 


completion of wrap and start of inert-gas are weld, and 
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@ Connect up a Guardian RELOID in your circuit and you 
have a control that carries U.L. approval for appliance 
assemblies. In a special version the Guardian RELOID 
carries U.L. approval marking as a 4 H.P. Industrial Motor 
Starter. Guardian RELOIDS are totally enclosed to resist 
impacts, dust and moisture—compact to save space—sturdy 


to outlast your product—flexible in application—priced 
extremely low. U/L specifications 
COlL—Standard Voltages: Available for operation at 6 to 230 volts, with Interchangeable Coil 


60 cycles A.C., or 6 to 110 volts D.C. Frequency: Standard 60 cycles. NO SOLDER CONNECTIONS REQUIRED! 
Available 25 to 60 cycles upon specification. Terminals: Standard, two ccccccceeeeeecencoeeeeeeeoCe 
male A.M.P. terminals. 


CONTACTS-—Rating up to 8 amperes at 115 volts, non-inductive. GUARDIAN POWERLOID 


Combination: specify either single pole, single throw, or single pole 
normally open or normally closed. Insulation: Molded bakelite, tested at A.C. loads up to 
1,500 volts, 60 cycles. Terminals: Three contact leads plugged with 3 H.P. Motors 

molded bakelite. Specify either A.M.P. or Douglas type terminals. and 8400 Watt 


Write Heater loads. 
on your company letterhead to arrange for a Pro- Totally enclosed. 
duction Sample of Guardian’s Reloid. Get literature Low priced! 


Ween Guardian Relays, Steppers, Solenoids, Switches. 


V4 
ye Tiny 


Oi GUARDIAN W ELECTRIC 


For control of 230 V., 


1627-F W. WALNUT STREET CHICAGO 12, ILLINOIS 
‘‘Everything Under Control”’ 
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during the welding operation, initiated 
by the tripping of a limit switch. 
Movement of the welding head is by 
gear motor. The head is mounted on a 
side beam carriage that travels on 
tracks supported above the work. Limit 
and sequence switches control the mo- 


tion of the head, the flow of shielding 
gas and power to the head for the arc 
welding. 

Hydraulic power is obtained from a 
motor-driven pump. 


The machine was originally designed 


to handle circular stators. Later, to save 
material, the stator was modified in 
shape to include four small flat sur- 
faces. When the shells were wrapped 
around these stators, the flats became 


Laminates Used in Film Splicer 


Two GRADES OF PLASTIC LAMINATE are 
utilized in the design of the electronic 
film splicer (see Fig. 1) designed by 
the Shepard Laboratories, Inc., Sum- 
mit, N. J., to solve the splicing problem 
of new polyester films such as DuPont's 
Mylar. This type of film, owing to its 


Fig. 1 
film in this Shepard Laboratories device. 


Fig. 3 


resistance against carbon and arcing. 
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Dielectric heat is used to splice Mylar polyester movie Fig. 2 


The smaller silicone-glass supporting block does not 
interfere with the passage of high-frequency current needed for 
splicing. The larger white block that supports the film gives 


non-adhesive characteristics, cannot be 
bonded by conventional adhesive. 

In this device, dielectric heat is ap- 
plied to form a bond between the over- 
lapped ends of the splice—fusing them 
so quickly that the original molecular 
orientation of the film is not disturbed. 


evident. To surmount this problem, 
Standard-Modern Tool Company incor- 
porated front and rear circular rings 
on the central mandrel. These rings 
bridged the flat portions on the lami- 
nations and provided backing for the 
shell. thereby producing truly circular 
exteriors on the shell. These 
rings serve the additional purpose of 


protecting the slot insulation from weld 
000 


motor 


spatter. 


This bonding method retains the origi- 
nal high strength and durability of the 
film. Because of sharp energy reduc- 
tion the instant the splice fuses, there 
is no danger of the film ‘burning’. 

Two pieces of silicone-glass laminate 
(Fig. 2) are used as the electrode sup- 


Silicone-glass laminate parts at left are used in the 


electrode supporting blocks of film splicer. The XXXP phenolic 
(right) is used in the printed circuit power unit. 


Fig. 4—By using a printed circuit design manufacturing costs 
of the Shepard film splicer were reduced and design of the 
device was made simple and compact. 
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When 

you need 

Reliable Control 
oi 

Material Handling 


you need Adlake 
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Mercury-to-Mercury contact of Adlake Relays gives 
ideal snap-action with no pitting, sticking or burning. 


Hermetically sealed at the factory so dust, dirt, mois- 
ture cannot affect them. 


Time delay characteristics are fixed and non- 
adjustable. 


e Adlake Relays are quiet, chatterless and require no 
maintenance whatever. 


If you have a control problem, our engineers will be happy to 
help you solve it. There’s no obligation. Write The Adams 
& Westlake Company, 1168 N. Michigan, Elkhart, Indiana. 


the Adams & Westlake company 
new york ELKHART, INDIANA CHICAGO 


original and largest manufacturers of plunger-type relays 
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porting blocks. The smaller piece is the 
clamping member of the middle block 
and is raised and lowered with the 
middle handle shown in Fig. 3. This 
part holds the film down during the 
splicing operation. It does not inter- 


fere with the passage of high-frequency 
current. 

The larger piece, the lower left film 
block, supports the high frequency elec- 
trode without dielectric loss. The sili- 
cone-glass laminate offers resistance 
against carbonizing and arcing and 
meets dimensional stability require- 
ments. 


A cold punching phenolic copper- 
clad material is used (see Fig. 2) as 
the base for the printed circuit in the 
power unit, as shown in Fig. 4. 

National Vulcanized Fibre Com- 
pany’s, Phenolite silicone-glass G-7-830 
and XXXP-471 phenolic were the ma- 
terials used. Oo0°0O 


Radiation Monitor Uses Contact Meter-Relays 


ONE IMPORTANT FUNCTION of a radia- 
tion monitoring system for the nation’s 
first nuclear power plant near Ship- 
pingport, Pa., will be to prevent harm- 
ful radioactive material from entering 
the atmosphere. 

The monitoring system, designed and 
built by the Westinghouse X-Ray Div- 
ision in Baltimore, will also have the 
following responsibilities: 1. Check for 
leakage in the reactor’s water cooling 
system. 2. Check the radiation accumu- 
lation in the boiler compartments, to 
make sure that the areas are safe to 
enter for maintenance during shut- 
downs. 3. Check for contamination in 
the ventilating and cooling air. 4. Keep 


Radiation monitoring equipment soon to 
be installed in the nation’s first nuclear 
power plant at Shippingport, Pa. Westing- 
house project engineer, Kenneth Kiesel 
is shown adjusting one of the contact 
meter-relays, furnished by Assembly 
Products, Inc., on which are set the per- 
missible limits of radioactivity in selected 
plant areas. If radiation levels exceed the 
preset limits, the meter-relays actuate 
alarms. In specific instances, they also 
activate safety devices. 


a continuous chart record of radiation 
in the various areas of the plant. 

If radiation levels in the selected 
areas exceed preset limits, alarms will 
be actuated by contact meter-relays, 
furnished by Assembly Products, Inc., 
Chesterland, Ohio. If contamination is 
detected in the air systems being mon- 
itored, the meter-relays will also ac- 
tuate solenoids. These in turn will 
control butterfly valves to stop the cir- 
culation of air. 

The dials of the meter-relays have 
three-decade logarithmic scales to in- 
sure precise radiation monitoring at 
lower levels, and at the same time pro- 
vide for wide range. Detectors used 
include G-M tubes, ionization cham- 
bers, and air particle detectors. 

Like all the equipment used in the 
monitoring system, the meter-relays 
were specified because of their relia- 
bility and maintenance-free operation. 
They also offered a means of combining 
constant visual indication of prevailing 
radioactivity with easily adjusted alarm 
or control limits. The principal alter- 
natives, passed over primarily because 
of their bulkiness and greater complex- 
ity, would have been ordinary panel 


meters and electronic alarm circuits. 

The electronic circuitry for each of 
the eleven channels is mounted in 
equipment racks on “roll-out” type 
slides that allow immediate access. 
In the rear of each rack are large 
removable doors. 

Basically, each channel in the sys- 
tem consists of a radiation detector 
which produces an electrical signal pro- 
portional to the radiation level. An in- 
terconnecting cable feeds the signal to 
a computer-indicator that converts the 
signal into an intelligible meter indica- 
tion. With one exception, each channel 
includes a background flasher to indi- 
cate channel operation when the radi- 
ation level is insufficient to cause meter 
deflection. A d-c signal is provided to 
drive a strip chart recorder. 

Other features of the system include 
etched wiring and plug-in circuits 
wherever practical; uniformity of cir- 
cuits to the greatest degree possible; 
tubeless power supplies, ruggedized 
tubes; and two low-voltage and filament 
power supplies in each equipment rack, 
with either unit being capable of sup- 
plying the entire rack in an emergency. 

O00 


Positive Locking Cams Prevent 
Accidental Switch Opening 


STAINLESS STEEL CAMS compress switch 
blades against rectangular copper tub- 
ing surfaces in a service entrance switch 
designed by The Kelek Co., Norwood, 
Mass. Mechanical strength to resist acci- 
dental opening and large magnetic forces 
of short circuits are provided by the 
rugged construction of tube jaws, hinge 
posts, fuse holders and terminals. Also, 
magnetic forces are considerably reduced 
by straight-line contact through blades. 
Welded aluminum cabinets are used to 
prevent hysteresis 

Additional design features include 
silver-plated contacts, solderless con- 
nections and provision for accommodat- 
ing high interrupting capacity protec. 
tive devices without the special adapt- 
ers required by conventional flat bus 
switches. Rated capacities of the Kelek 
Cam-Lock Switch are 1200 to 6000 amp. 


losses. 
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6-fingered SPEED CLIP*® 
holds glass panels tight, saves 46%! 


This special SPEED Cup fastens glass panels to products may produce a similar cost-cutting solu- 

aluminum extrusions with a grip that prevents tion. See your Tinnerman representative soon 

slippage. Heat stays in, rain stays out of green- 

houses and similar glass structures. Working closely TINNERMAN PRODUCTS, INC. 
i . ; . ‘. p BOX 6688 +» DEPT.12 + CLEVELAND 1, OHIC 

with engineers of the Metropolitan Greenhouse 

Mfg. Corp., Brooklyn, Tinnerman developed this —s 

unique fastener that saves almost one-half the cost 


of former less effective assembly methods! TINNERMAN 


Installation is fast and simple. Two overlapping 


glass panels are positioned against the extrusion. ® 
A screw driven into the spring-steel SPEED CLIP Speed Nuits 
spreads the two center fingers outward to grip the 
inner walls of the extrusion. No secondary fasten- 
ing devices required—SpPeeED C ips hold tight, yet 
are easily removed to permit replacement of glass. 


This is another example of a fastener engineered 
by Tinnerman to satisfy special, complicated 


. = . a FASTEST THING IN FASTENINGS® 
fastening problems. A Fastening Analysis of your 


Canada: Dominion Fasteners, Limited, Hamilton, Ontario. Great Britain: Simmonds Aerocessories, Limited, Treforest, Wales. 
France: Simmonds, S. A., 3 rue Salomon de Rothschild, Suresnes (Seine). Germany: Hans Sickinger GmbH ““MECANO”, Lemgo-!-Lippe. 
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New Components 
and Materials 


4 staff compilation of the latest developments 
use in electrically operated end products 


specifications and available application data. 


. screened for design-in 
. complete with all released 


D-C MOTORS AND GENERATORS FOR CLASS B RATINGS HAVE SILICONE INSULATION 


Direct-current industrial motors and 
generators, the Life-Line “HH” series. 
are designed to be equally effective as 
basic prime movers or as elements of 
highly complex automatic production 
systems. The new motors and genera- 
tors have dripproof enclosures as 
standard and bear NEMA Class B rat- 
ings; motor ratings range from 1 to 
150 hp and 
34 to 100 kw. 


Among 


generator ratings from 
available in these 
standard industrial motors and genera- 


features 


tors are a high-temperature silicone in- 
sulation machines rated to 
operate within Class B temperatures; a 
controlled ventilation system that draws 
air from the drive end, distributes flow 
positively throughout the machine, and 
expells it at the commutator end; and 
a new housing construction which en- 


system in 


ables the dripproof machines to serve 
many applications which ordinarily re- 
auire splashproof equipment. Further. 
as the result of a marked decrease in 
armature inertia and com- 
mutating ability, the motors are capable 


improved 


of very fast dynamic response. 


re 
* 


The 


treatment 


new machines feature silicone 


throughout, with multiple 
dips and bakes at 200 C to seal against 
dirt and moisture and assure thermal 
stability. This comple- 
mented by glass, mica and other high- 
temperature materials to 
balance of 


treatment is 


attain the 
dielectric. 
and mechanical properties. 


proper thermal 


SPHERICAL ROLLER-BEARING PILLOW BLOCKS WITH SPECIAL 


Mounting feature of new line of spher- 
ical roller-bearing pillow blocks makes 
it posible to seat the bearings solidly 
on shafts quickly and easily. This is 
accomplished through the use of set 
screws located parallel to the bore in 
the adapter nut. After the bearing is 


snugged up with the adapter nut, ed- 
justment is completed by turning the 
screws against the locking washer 
until bearing, adapter and shaft form 
an integral unit. 

The new Spher-Align pillow blocks 
are especially useful for applications 


Accelerated life tests indicate motor 
insolation life will be at least 10 times 
that for conventional Class B. 

To ventilate the new units, a fan 
at the shaft end is teamed with an air 
shield and a diffuser to impel air 
flow through the machine and out at 
the commutator end. 

New Uniforce brushholder employs 
a spring-lever arrangement that 
duces constant 


pro- 
throughout 
brush life, yet permits pressure to be 


pressure 


adjusted for best commutation unde 
all types of operating conditions. 

The housing is designed for maxi- 
mum protection and simplified installa- 
tion and maintenance. All commutator 
access openings have gasketed covers. 
The single ventilation opening in each 
bracket faces downward and has a rec- 
tangular flange suitable for simple con- 
nections to ducting. The conduit box 
can be rotated. Westinghouse Electric 
Corp., P. O. Box 2278, Pittsburgh 30, 
Pa. 
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MOUNTING DESIGN 


requiring self-alignment and ease of 
installation. 

The housing of the new pillow block: 
is built of close-grained semisteel to- 
withstand shock loads. It is compact 
and of modern design. 

A new feature of bearing design al- 


MAY 1957 ELECTRICAL MANUFACTURING 





neta & ey tiyol engineering is in this picture 


This P&B Relay 


KA SERIES 
RELAY 


is the heart 
of this Power Pack that 


o 
makes this 
Gas Clothes Dryer 
faity 4 Atemettc 


DRYERS OR MISSILES, COMPUTERS 
OR AUTOMATED TOYS...DESIGNERS 
DEPEND UPON P&B QUALITY 


The KA Series relay is a versatile, low cost unit which pro- 
vides a good example of P&B quality and reliability. Appli- 
ance designers (always seeking service-free components) like 
the fact that the KA will meet U/L specifications on insula- 
tion and creepage distances. 

Designers in a wide range of other fields know the KA as a 
compact, all purpose relay available in contact arrangements 
up to 3PDT. 

Here is only one of more than 40 basic P&B relay types.. 
all of which may be adapted to meet specific needs. P&B 
has been doing this—building relays and adapting them to 
special uses—for 25 years. We welcome your inquiries or 
requests for our new catalog. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL 
ELECTRONIC, ELECTRICAL AND REFRIGERATION DISTRIBUTORS 


KA SERIES 
ENGINEERING DATA 


CONTACTS—Material: %” silver movable, %” 
stationary. Rating: 5 amp. 115 V. 60c, non- 
inductive. Arrangements: up to 3PDT. Break- 
down: 1500 V. RMS between all elements. 


COlL—Resistance: 16,500 ohms max. DC. Power 
req'd.: 4 W. max., 1.1 W. min. DC at 25°C. 
ambient. V. range: DC: 6, 12, 24, 110 V.; AC: 
6, 12, 24, 115, 230 V. 


DIMENSIONS, MAX.—1?%”" L. x 1'%2" W. x 
1'%e" H. 


MOUNTING DATA—Stud: 1 #6-32 mounting 
stud. Bracket: 2 tapped #6-32 holes, 1%.” 
0.c. Tapped: 1 tapped #6-32 hole. 

ENCLOSURES—None 


TERMINALS—Contacts: two #16 AWG wires. 
Coil: two #18 AWG wires. 


See our catalog in Sweet's Product Design File 
otter & Buundield, me. PRINCETON, INDIANA 
Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 


Manufacturing Divisions also in Franklin, Ky. and Laconia, N. H. 
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Holtzer-Cabot's Type 0810 is ~~ 
known for its precision ae NGF 
gun fire control, radar navigation a , 
radio tuning. It features — = 
sponse fo minimum input signal. sed 
armature is designed for ee 
excitation from a 24 to 29 vol t = 
source through o 28 ohm oe 
sistor. The field has two a _ 
sections: one for CW and the ofher 


t- 
tion. Full rated motor ou 
Re aed 6 ma. differential 


put is obtained by 
field current. 
SPECIFICATIONS: Rating 0.3 “= 
in., 6500 R.P.M., 002 H.P.; Diame e ' 
1"; Field Current 6.0. — 
Armature Current 0.4 amp - 
Cycle: 4 reversals per minute; . 
tude: 50,000 feet; pa teneieen 
—65° C to 472° C. Designe 
meet Mil specs. Send coupon be 
for additional information. 


A> 
s 


ame ee ee es ee ee ee ee oe 1 
HOLTZER-CABOT MOTOR DIVISION | 
NATIONAL PNEUMATIC CO., INC. | 
125 Amory Street, Boston 19, Mass. 


GENTLEMEN: (1) Please send me data sheets on the 
Holtzer-Cabot Type RBDS-0810 servo motor. ] 


( Please have representative call on 


er ee nnn nr ae ee I 


lows lubricant to enter at the center of 
the bearing and move outwardly along 
all bearing surfaces. Convenient drain 
plugs permit use of either grease or oil 
and provide for easy flushing. Triple 
seals retain the lubricant. 

Dimensions of the pillow blocks are 
standardized, making them interchange- 
able with all other similar units. These 
new bearings are offered through 
Dodge Distributors in both expansion 
and non-expansion types and are 
stocked in sizes to fit shafts from 2%6 
in. to 8 in. diameters. Dodge Manufac- 
turing Corp., Mishawaka, Ind. 
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SIZE O AND OO RELAYS FOR 
MACHINE-TOOL CONTROL 


Included in a new line of relays offer- 
ing versatility and adaptability for 
machine-tool control applications, is 
the Size 00 relay rated at 10 amp, 600 
volts a-c, and the Size 0 at 15 amp, 600 
volts a-c. Two types are offered: the 
“FMP” (Fixed Multiple Pole) and 
the “IMP” (Interchangeable Multiple 
Pole). A special “center position” de- 
vice protects against damage to the 
contacts while converting. Both types 
are supplied in a complete line with 2, 
3, 4, 6 or 8 poles. 

The “IMP” and “FMP” contactors 
can be wired using conventional screw- 
clamp terminals or an optional plug-in 
receptacle. 

Another optional feature is the latch- 
ing attachment, which is easily added 
to the standard relay by means of two 
screws and allows quick conversion of 
an “IMP” or “FMP” relay to a latching 
type for use in “memory,” continuous 
duty and other similar circuits. 


To provide fast, easy inspection or 
replacement of the coil and magnet, an 
entirely new construction has been em- 


ployed. By simply removing two 
screws, the entire assembly can be 
swung to the front and the coil and 
magnet lifted out. Exposable magnet- 
pole faces, self-contained contact cage 


with no loose springs or other parts, 
and more compact size, allowing easier 
location and more wiring space, are 
other features that are cited as contri- 
buting to faster installation and sim- 
pler maintenance. 

All current-carrying parts are silver 
plated for highest capacity; operating 
mechanism is friction-free and dust- 
with a positive, fail-safe ac- 
tion; contacts and guiding frames are 
of special, heat-tempered materials for 
minimum wear and smooth action; ab- 
solute alignment of the contact prongs 
is assured by combining the receptacle 
and mounting plate in a single assem- 
blage. The Arrow-Hart & Hegeman 
Electric Co., 103 Hawthorn St., Hart- 
ford 6, Conn. 
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resistant 


VARIABLE VOLUME 
HYDRAULIC PUMP IS 
DESIGNED TO JIC 
STANDARDS 


Designed to JIC standards, new sub- 
plate mounted Model “R” variable vol- 
ume hydraulic pumps are ideally suited 
for use in machine-tool feed systems, 
hydraulic presses and mobile equip- 
ment. The Model “R” pump delivers 40 
gpm at 1200 rpm. Pump is designed for 
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for colors—# 


a te 


BH "ng 


SILICONE RUBBER 


: Sz J 2 ZB : 
ty i” Kg: 


Silicone rubber insulatiéfis are recegated’ for, 

resistance to degradation under beat. But lah och 
many pigments react with the Silicone toy gs roy t of 
of the insulation. With BH “1151” Fibérglas* Si@6ng gs 


ie 


Elastomeric Sleeving you have color and positive ptod x it tection 
Whether you use Natural (Offwhite), Red, Yellow /# Blue,’/Green, 
Brown, Orange of Violet, the superior insulation Ye Of 
benefits are the same. And, with tracer stripes available in all Hi, 
colors, 64 combinations are at your command. Hf 


i 


The precisely compounded coating of BH ‘1151” produces a Class “H” 
sleeving that easily meets MIL-I-18057 specifications. It offers 
product protection through a continuous operation range of 

90°F. to 400°F., with no adverse effects from high spot soldering 
temperatures. The resiliency and strength of the sleeving permit 
expansion to cover irregularities and terminals, 
Send for data sheets and production testing samples 


of BH “1151” .. . testing is believing! 


BENTLEY, HARRIS MANUFACTURING COMPANY 
1205 Barclay Street 
CONSHOHOCKEN, PA. * TELEPHONE: TAYLOR 8-0634 


BENTLEY, HARRIS 


*BH Non-Fraying Fiberglas Sleevings are made by an exclusive 
Bentley, Harris process (U.S. Pat. Nos. 2393530; 2647296 and 
2647288). ‘‘Fiberglas” is Reg. T.M. of Owens-Corning Fiberglas Corp. 
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he 
‘~~ 


ll 


STRENGTH @ 


GOR 6.2 sevimi 


with NATURAL 


crowave trimmer capacitors. 


Natural mineral MICA pro- 
vides high dielectric with 
excellent compressive and 
flexural properties: coil thin 
films around 1/8” mandrels — 
without damage. Add 1000°F. 
stability, low thermal conduc- 
tivity, expansion. 


And only FORD can shape 
and fabricate MICA into the 
precise form you need. Write 
for MICA BULLETIN and 
details. 


your 
PROBLEM 2 


.. Discuss it with FORD 
MICA engineers, backed 
by 40-year-plus leader- 
ship in mica insulation 
precision-stamping and 
fabrication. 


Tira) 


ha A 


au ere 
« MICA corp. 


536-540 63rd Street 
Brooklyn, N.Y GEdne 


1000 psi continuous operating pressure 
and 1250 psi at intermittent operation. 

A volume-selector adjustment is pro- 
vided as standard equipment to manu- 
ally adjust the pump delivery to the 
exact circuit requirements. 

Automatic selection of two separately 
adjustable pressures can be obtained 
by the use of hydraulic or electrically 
controlled pressure-compensating pump 
governors. Racine Hydraulics and Ma- 
chinery, Inc., Racine, Wis. 
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CERAMIC-CASED PAPER 
CAPACITOR 


Utilizing the principle of mechanical 
fusion, the “AP” ceramic-cased paper 
capacitor combines a_ tough steatite 
case with cement compound end-seals 
forming an impregnable barrier against 
all environmental conditions. Leads 


will not come loose or pull out even 
under soldering heat and stress. The 
noninductive, 
tubulars have 


precision-wound, paper 

high-insulation _ resist- 
ance. They are manufactured to insure 
long shelf-life and minimum capaci- 
tance change over an operating range 
from —40 to 85 C. Astron Corp., 255 
Grant Ave., East Newark, N. J. 


Circle No. 5 Reader Inquiry Service Cards 
preceding back cover 


DIFFERENTIAL DATA AMPLI- 
FIER HAS ZERO DRIFT AND 


0.1 PER CENT ACCURACY 


Infinite common-mode rejection, zero 
drift. and 0.1 per cent accuracy and 
linearity are features of the Type 190 
data amplifier. Designed for d-c ampli- 
fication of thermocouple, strain gage 
and similar signals, Type 190 has a 
standard-voltage gain of 1000. adjusta- 
ble if required. Employing a new chop- 
per circuit, the amplifier provides true 
differential amplification with complete 
rejection of d-c common-mode signals, 
and a rejection ratio of the order of a 
million for a-c signals. Stability of the 
Type 190 is excellent, with no zero-point 
drift and gain remaining constant with- 
in 0.1 per cent over 1000 hr of opera- 


tion, even with voltage variations of 
+10 per cent. 

For strain gage use, the differential 
input of the Type 190 allows a single 
battery to be used to excite a number of 
bridges. thus simplifying installation. 
With thermocouples, differential input 
eliminates errors due to multiple 
grounds, particularly where the same 
thermocouple is used simultaneously in 
several circuits. 

The Type 190 is a modular unit, with 
four amplifiers and accompanying 
power-supply mounting in seven inches 
of standard rack space. Offner Elec- 
tronics, Inc., 5320 N. Kedzie Ave., Chi- 
cago 25, IIL. 
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SYNCHRONOUS MOTOR FOR 
150 F SERVICE 


Synchronous motor specifically designed 
for incorporation in timers subjected to 
temperatures up to 150 F has bearings 
that require no lubrication. This design 
eliminates the formation of gummy 
residues primary cause of failure in 


Lube-less bearing 
Bearing 
— = . spider spring 
| |First q 
|_jgeo 
i 


. ~aah 
Rotor shoft > 


Pole pieces 


timer motors required to operate in the 
presence of heat. 

Rounded ends of the rotor shaft ride 
in cup-shaped bearings, with a specially 
designed spider-spring mount taking up 
end play on pivots. In addition, wear- 
and-noise-producing shaft vibration is 
completely eliminated. 

First pinion is cut integrally with the 
rotor shaft, eliminating any possibility 
of pinion rattle. This design also makes 
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CAKE MIX IN A‘JIFFY” WITH 


CY PAK 


Controlling automatic storage conveyors 
at Chelsea’s modern food plant 


Chelsea Milling Company, maker of well-known ‘“‘Jiffy’”’ brand 
premixed foods, uses flexible CYPAK* static control to reduce 
material handling costs in their plant at Chelsea, Michigan. 
CYPAK begins at the mixing and packaging machines, 
memorizing the sequence of cartons going to the warehouse. 
Cartons are identified automatically, and then CYPAK directs 
storage according to the preselected pattern. 

Subsequent delivery of cartons from storage to dock is also 
completely predetermined, making the warehousing operation 
totally automatic. An additional benefit realized by Chelsea 
with this system has been great reduction in carton breakage. 
For complete information on CYPAK, call your Westinghouse 
representative, or write Westinghouse Electric Corporation, 
P.O. Box 868, 3 Gateway Center, Pittsburgh 30, Pennsylvania. 


*Trade Mark 
J-22033 


you CAN BE SURE...1F ITS 


Westinghouse swe 


tr giscl 


ier 


t 


b 


Mr. Lester L. Bosch, Partner, Bosch & La Tour views their syste 
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with G-E Inductrol* 
Voltage Regulators 


Undervoltage can destroy gas-filled tubes 


in minutes, dangerously overheat vacuum 
tubes. As little as 5% overvoltage can 


cut tube life in half. 


Economical Inductrol 


voltage regu- 
lators precisely control (within + 1%) 
a-c voltage, help assure proper tube oper- 
ation. This means longer tube life, less 
downtime, more efficient operation. 

For more information, write Section 
125-5, General Electric Co., Schenectady 
5, N. Y., or call your nearest General 
Electric sales office or agent. 


“General Electric Trade-mark for induction voltage regu- 
lators. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


184 





possible a small-pitch diameter which 
permits a low ft per min speed and a 
slower speed of the gear-reduction unit. 

Applications of the new motor in- 
clude gas and electric-range timers, 
washer and dryer timers, animated dis- 
plays, timers for conveyor systems, 
packaging machinery, and _plastics- 
molding machinery, among others. The 
Lux Clock Mfg. Co., 95 Johnson St., 
Waterbury, Conn. 
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10-AMP RELAY HAS 
VIBRATION RATE OF 
30 G TO 2000 CPS 


New 10-amp, 4pole relay was devel- 
oped to meet the more rigid require- 
ments of vibration, shock and tempera- 
ture of the latest MIL specifications. 

Specifications of the CH relay in- 
clude: contact rating, 10-amp resistive 
at 30 volts d-c and 115 volts, 400 cps; 


overload, 60 amp; coil, 26.5 volts d-c, 
170 ohms (other resistances are avail- 
able). Temperature range: —65 to 125 
C. Vibration: 30 g to 2000 cps. Oper- 
ating shock: 100 g. Weight of the relay 
is 5 oz. The relay is said to met test 
conditions of MIL-R-5757B: MIL-R- 
6106A; MIL-R-25018. Allied Control 
Co., Inc., 2 East End Ave., New York 
zi, Ee 
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ENCAPSULATED RESISTOR- 
CAPACITOR NETWORKS 


Designed for high-humidity resistance 
and adaptability to automatic place- 
ment, line of resistor capacitor networks 
features a network plate encapsulated 
in an epoxy resin inside a molded, non- 
porous phenolic case. This construction 
furnishes high resistance to heat-humid- 
ity cycling, such as that encountered in 
compact, miniaturized circuits. 
Uniform size and surface of the net- 
work case, and an index chamfer on the 
upper-left corner of the case, facilitate 
magazine loading for automatic place- 
ment. The networks are available in 
three case sizes, and the resistor and 


capacitor patterns and lead arrange- 
ments are provided to user specifica- 
tions. 

Radio and TV receiver applications: 
coupling, pulse-forming, and RC filter 
networks. 

Resistor values of the networks range 
from 1000 ohms to 10 megohms, and 
capacitor values range from 100 to 
10,000 mmf. Leakage resistance of the 
capacitors is greater than 10° megohm- 
micro-microfarads. Operating tempera- 
ture range: from 10 to 85 C. All three 
case sizes are %2 in. thick and 5% in. 
high. Case lengths are 1542 in., 11%e in., 
and 1742 in. General Electric Co., Spe- 
cialty Electronic Components Dept., 
Auburn, N. Y. 
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LOW-TORQUE 
POTENTIOMETER 


A 0.003 oz-in. torque has been achieved 
in the Model 85151 Minitorque potenti- 
ometer. This small (1 in. diam) preci- 
sion instrument features a heavy duty 
0.125 in. stainless steel shaft mounted 
on miniature shielded ball bearings. 
The shaft may be threaded, has milled 


flats, keyways, etc. Available in resist- 
ance ranges from 100 to 100,000 ohms, 
Model 85151 has been constructed to 
withstand high vibration and accelera- 
tion. 

Noble-metal alloy windings and 
brushes are used to give positive elec- 
trical contact with low-brush pressure, 
maximum protection against atmos- 
pheric corrosion, and minimum oper- 
ating noise. Brush and coil wear is 
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New electrical pencil sharpener uses 


AIRCRAFT TERMINAL CONNECTOR 
molded of DuPont ZyTEL has sections 
over %4-inch thick, yet weighs only half a 
pound. It is used to connect electric wires 
in one group. Large parts such as these 
are extremely rugged, yet, because they 
are made of ZyYTEL, they are light in 
weight. ZYTEL nylon resin has good dielec- 
tric strength, can be readily machined, and 
is unaffected by operating temperatures 
from —60°F. to +250°F. (Aircraft ter- 
minal connector molded for Cannon Elec- 
tric Company by aaRBee Plastic Com- 
pany, both of Los Angeles, California.) 


ils i 6 2s deinnaas nx bd, 


TEMPERATURE SELECTOR DIAL on this 
Sunbeam steam iron is made of black 
ZYTEL nylon resin. Good strength of 
ZYTEL assures long-wearing dial. It has a 
pleasing appearance and a highly polished 
surface. The dial is not affected by the 
heat of ironing. Injection-molding tech- 
nique provides a quality component of 
ZyYTEL for use on this quality appliance. 
Paint-filled markings are integrally mold- 
ed. (Electric iron by Sunbeam Corpora- 
tion, Chicago, Illinois; dial molded by The 
Richardson Company, Department 19, 
Melrose Park, Illinois.) 


parts molded of ZYTEL” nylon resin 


The “Electro-Pointer,” durable automatic elec- 
tric pencil sharpener, operates quietly and 
efficiently due to sturdy parts molded of ZYTEL 


ZYTEL provides 
low cost and long wear... 
eliminates oiling 


A single part molded of ZYTEL nylon resin 
is often used to replace assemblies of two 
or more pieces. One of the components 
in the insert, for example, combines the 
functions of an internal gear and a bear- 
ing. Parts molded of ZyYTEL help eliminate 
machining, grinding and other finishing 
operations that add to costs. ZYTEL can be 
molded to very accurate dimensions and 
usually needs no further finishing. 

ZYTEL nylon resin produces components 


er rr re ee ee se ee ee re ee ee ee ee ee 
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nylon resin. (Parts shown at the left are molded 
by The Ark, Inc., for Stile-Craft Manufacturers, 
Inc., both of St. Louis, Missouri.) 


with high strength and excellent wear re 
sistance. The two shafts shown demon- 
strate this. They support the long, spiral- 
edge cutters of the sharpener and with- 
stand lateral stresses produced during cut 
ting. Due to the smooth, hard surface of 
ZYTEL, parts need little or no lubrication. 
ZYTEL is unaffected by oils, greases and 
most common chemicals. It can be molded 
in a variety of rich colors, light or dark 

Du Pont ZyTEL nylon resin may help 
you produce more effective and less costly 
designs. Send in the coupon for technical 
data and examples of the experience of 
other manufacturers. 


E. |. du Pont de Nemours & Co. (Inc.), Polychemicals Dept. 


SEND FOR 


Room 155, Du Pont Building, Wilmington 98, Delaware 


Please send me more information on DuPont ZYTEL nylon 


INFORMATION 


For additional property Nowe 


and application data on Company 


Du Pont ZYTEL nylon resin, Ses 


‘ ‘ ‘ Cit 
clip and mail this coupon. ” 


Type of Business 


resin. | am interested in evaluating this material for 


Position 


State 


in Canada: Du Pont Company of Canada (1956) Limited, P. 0. Box 660, Montreal, Quebec 
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Cosmo Nylon Bobbins are 
Toate bela talk 
molded to your particular 
specifications. Dimensional 
stability, high precision, close 
tolerance and reliable uni- 
formity is assured 


Our engineering service is 
available on request. Send 
your specs to Cosmo for 
prompt action 


A. Flange Size 
Maximum 2"x 212" 
B. Core Size 
Maximum 1-1/2" 
Minimum ve" 
C. Core Length 
Maximum 1-1/2" 
Minimum 1/4" 
D. Wall Thickness 
Maximum -093” 
Minimum -025” 


SALES DIVISION OFFICES 
St. Lovis, Missouri * Chicago, Illinois * Detroit, Michigan * Guilford, Connecticut 


3239 WEST 14 STREET 


TOwer 11-5597 * CLEVELAND 9, OHIO 


‘Diamond H’ Power Relays 
High Capacity 
A.C. or D.C. Midgets 


Designed for rugged service in appliances, automation and 
air conditioning equipment, solenoid, motor starting or heater 
circuits, battery chargers, clock controlled systems and similar 
applications, “Diamond H” Series W relays measure only 142” 


” 


x 1% 


x 1%” (excluding spade terminals) but carry resistive 


loads up to 30 amperes at 115-230 V., A. C 


Contact type is 2 Form Z (double pole, 
double break, double make.) Six, 12, 24, 110 
and 220 volt coils are standard but special 
coil windings may also be provided. Dielec- 
tric strength exceeds 1750 V., RMS. Induc- 
tive and motor ratings can be furnished on 


request. 


®) 


Vibration resistance ranges from 10 to 55 cps with \»” 


total excursion. Side, panel and socket mounting arrangements 
are standard but specials may also be procured. 

“Diamond H” engineers are prepared to work out varia- 
tions of Series W relays to meet your specific requirements. 


THE HART MANUFACTURING COMPANY 


211 Bartholomew Avenue, Hartford, Conn. 


retarded and operational life increased 
by the low-contact pressure. 

Low torque of the lightweight (0.6 
oz) unit makes it ideal for applications 
where no appreciable loading can be 
tolerated. G. M. Giannini & Co., Inc., 
918 East Green St., Pasadena 1, Calif. 
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HIGH-TEMPERATURE 
SYNCHRO 


Having an_ impressive 65 F to 
100 F operating temperature range, 
new synchro has 250 hr life at 400 F. 
An unusual lubrication method and a 
special alloy for electrical connections 


rr 


lie. i 
are being used to successfully withstand 
the extreme heat. 

Type 11-4133-01 is a Size 11 torque- 
transmitter synchro with 115-volt 400- 
cycle input. John Oster Manufacturing 
Co.. Avionic Div., 1 Main St., Racine, 
Wis. 
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DISK-TYPE DISCHARGE 
VARISTOR HAS THREE 
INCH-DIAMETER 


Developed for direct installation in 
electrical circuits, new 3-in. diameter 
disk-type discharge varistor assembly 
supplements the 6-in. assembly designed 
to protect motors, generators, lifting 
magnets, magnetic chucks, solenoids, 
relays, large coils, and other devices 
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MILLIAMPERES 
WESTON 
The need to compromise on panel instrument 
quality is now a thing of the past. Model 1301 
Weston Cormag instruments cost no more, often 
less, than the compromise types. Thus you can 
get the big increment of dependability which 
Weston instruments provide for all your panel 
and built-in needs; plus the other advantages of 
Weston’s core-magnet, self-shielding construc- W/ E ‘ O N 
tion. For example, they can be mounted closer 
together on a panel without intereffect . . . and 


used interchangeably on either magnetic or non- Cc oO R Mi AG , 


magnetic panels. Let us acquaint you with all 

the advantages of these improved instruments. PANEL IN STRU MENT S 
Consult your nearest Weston representative, or 

write Weston Electrical Instrument Corp., New- 

ark 12, New Jersey. 
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RELY on GI 


Fractional H.P. Motors 


MODEL B 
1/40 H.P. to 1/1100 H. P. 


4-pole, 4-coil shaded 
pole AC Induction 
Type 


General Industries fractional hp. motors nla ik teal hited 


lead the league for dependability. No wonder 
most leading original equipment manufacturers 
specify Gl for standard applications requiring 


ruggedness and economy! Call on the GI team mabe A 


2-pole, shaded pole 
AC Induction Type 


for free design consultation service to help solve 


your fractional hp. problems. 


For any fractional hp. requirement—for prompt 
deliveries — RELY ON GI! 


Write TODAY for complete specifications and 


MODEL C 


2-pole, shaded pole 
AC Induction Type 


quantity-price quotations! 


MODEL D 
4-pole, 4-coil shaded 
pole AC Induction 

Type 


MODEL E 


4-pole, shaded pole 
AC Induction Type 


MODEL F 


2-pole, shaded pole 
AC Induction Type 


2-pole Capacitor 

Reversible Type AC 

only (for 6, 12, or 
24 volts) 


CPE MUR) 


DEPT GL ¢ ELYRIA, OHIO 


@eeeeseenee2ee 
@eeeeeseaeaeeeee 





against high-inductive surges resulting 
from sudden interruptions of inductive 
currents. 

Referred to as the 9RV3A assembly, 
the new resistor is manufactured as a 
family of ready-mounted groups of 1 to 
4 varistors, connected in series or in 
parallel. The 3-in. disks, which range 
from 0.080 to 0.375-in. thick, are 
bracket-mounted on a horizontal insu- 
lated bolt with a spring lock washer to 
provide contact pressure. 

Besides being more suitable for ap- 
plications where space requirements are 
at a premium, the new assembly family 
also offers the user different character- 
istics for specialized uses in circuits 
rated 6 to 600 volts. Metallurgical Prod- 
ucts Dept.. General Electric Co., De- 
troit 32, Mich. 


Circle No, 12 Reader Inquiry Service Cards 
preceding back cover 


SOLENOID-OPERATED TIME 
DELAY AIR VALVE 


Now in production is a solenoid-oper- 
ated time delay air valve suitable for 
any application requiring a time delay 
between the release of the electrical 
impulse on the solenoid of the air valve 
and the return of the cylinder to its 
original position. Delay time is adjust- 


able between 0 and 30 sec, with a 
repetition +10 per cent. The time de- 
lay is built into the valve so that it 
requires no special switching to ac- 
complish the time lag. Known as Model 
BVP-ATD. the valve is available in %4 
in. through 1 in. ports. Beckett-Harcum 
Co., 1087 Wayne Rd., Wilmington, 
Ohio. 
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BIDIRECTIONAL STEPPING 
OR DIGITAL MOTOR 


Meeting all standard shock and vibra- 
tion requirements, balanced stepping 
motor has an output shaft positively 
locked into position after each actua- 
tion; it cannot be rotated by external 
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SPECIFIED INDUSTRY-WIDE FOR 
OUTSTANDING DEPENDABILITY... ee - 


RESISTORS.” 


and 


RHEOSTATS 


Offering Designers and Engineers Electrical and 
Mechanical Advantages of Proven Dependability 


H-H Rheostats are designed for top performance and 
long life in military and commercial applications — 
e Smooth, long-life 

mechanical action 

- Permanent, positive 

electrical contact 

Constant pressure 

contact arm adjusts 

tension for complete 

continuous contact, 

eliminates backlash, 

prevents binding. High 

temperature gray vitre- 

ous enamel coating in- 

creases safety by its 

ability to withstand 


H-H rugged Gray Line Resistors meet all requirements 
for continuous, heavy duty commercial applications — 


e Non-crazing, high eX 


” temperature coating 


e Maximum immunity 


to humidity, salt spray 


Stronger core affords 
extra dependability 
under extreme operat- 
ing conditions. All wire 
connections on H-H 
Long Life Resistors 
feature all welded con- 
struction. The fixed, 
ferrule and adjustable 
types meet MIL-R-26 


overload. specifications. 


H-H Blue Ribbon Resistors for Re liability 
in Applications with Space Limitations 
H-H Blue Ribbon Resistors provide higher wattage 
ratings per unit, save space and weight wherever 
mounted. Ruggedized construction features high 
temperature, vitreous enamel, crazeless coating 
offering maximum moisture resistance. Aluminum 
thru-bar distributes heat uniformly along entire 
resistor length. Mounting studs are all corrosion 
resistant, and bracket assembly is vibration-proof. 


Illustrated catalogs available on 
H-H Resistors and Rheostats include 
helpful engineering and installation 

data. Call or write for copies, now! 
Standard stock items available for 
\immediate delivery from authorized 
local electronic parts distributors. 


DESIGNED 
TO MEET MIL-R-26 * 
SPECIFICATIONS! 


The Mark of Quality 
Since 1924 
40 HERMON ST., NEWARK 5, N.J., U.S.A. 
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OUR ENGINEERS 


have had millions of miles of 
experience in producing multi- 
conductor cables. 


Whether it be a few or a hundred conductors, 
whether they be braided, wrapped, foiled, 
striped or jacketed, we have yet to hear our 
engineers say ‘we can't do it." 


Why not take up your cable requirements with 
us? Specially designed and custom built 
cables are our everyday accomplishment. 


SPECIFY FOR SURE PERFORMANCE 


ENGINEERED 
iL i ae eel 8 





forces. Angular accuracy is within +1% 
deg. Although it is ordinarily manu- 
factured to move bidirectionally in 36 
deg steps (10 steps per revolution), it 
may be supplied in various other con- 
figurations. Maximum pulse rate: up to 
60 per sec. Torque is approximately 
5 in.-oz in the 14% in. diam x 2% in. 
length motor. Larger size motors 
have correspondingly larger outputs. 
Nemeth, Inc 

Los Angeles 64, Calif. 
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STOCKED HERMETIC 
SATURABLE TRANSFORMERS 


Stock line of saturable transformers 
for magnetic amplifiers are designed to 
meets MiL-T-27A, Grade 4, Ciass R 
specifications. They have a minimum 
life expectancy of 10,000 hr and ean be 


used at altitudes up to 50,000 ft. These 
hermetically sealed saturable trans- 
formers match many of the most fre- 
quently used servo-motor loads. Chi- 
cago Standard Transformer Corp., 3501 
West Addison St., Chicago 18, Ll. 
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CLASS “H” INSULATING 
TAPE 


Heat-curing glass cloth electrical tape, 
with Class “H” insulation properties, 
called Permacel 212, has the excellent 
thermal performance qualities of glass 
plus the heat-resistant properties of a 
silicone adhesive. The adhesive can 
function effectively in temperatures 
ranging from —65 to 650 F. The sili- 
cone glass construction insures against 
corrosive chemical volatiles in the 
higher, more critical temperatures. 
Basic average properties of the new 
tape are: tensile strength of 153 lb/in.; 
adhesion to steel of 30 oz/in. width at 
room temperature; elongation of 6 per 
cent; insulation resistance of 500 meg- 
ohms at 96 per cent RH; and a dielec- 
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THEACOMPLETE MACHINE TOOL RELAY 
by 


ARROW AH HART 


) 


A NEWER, FINER ADVANCED-DESIGN COMPONENT THAT 
DOES MORE DIFFERENT TYPES OF JOBS ... BETTER! 


| ' 

a . : > 42 Bgh¢) : . ‘oe ” 
PLUG-IN Check these features for 
RECEPTACLE yw ADAPTABILITY — 


CONTACTS QUICKLY CONVERTIBLE . . . from normally-open 
to normally-closed, no tools needed. No loose parts. Exclu- 
sive center positioning device guards against contact dam- 
age while converting. 

OPTIONAL LATCHING ATTACHMENT .. . another A-H exclu- 
sive, allows quick conversion of contactor to latching type. 
This attachment is quickly changed from latch-in to latch- 
out operation or latched-in and out. 

PLUG-IN/SCREW-TYPE TERMINALS .. . can be used for plug-in 
and screw-type as desired. 

MOST COMPLETE LINE AVAILABLE . . . Removal of Terminal 
Screws from Standard Relays converts use to plug-in re- 
lays. In 2, 3, 4, 6 or 8 poles . . . in IMP (Interchangable 
Pole) or FMP (Fixed Pole) types. The BASIC RELAY is suit- 
able for use by itself. 


FAST, EASY INSTALLATION and 
SIMPLE MAINTENANCE — 


OPTIONAL PLUG-IN RECEPTACLE . . . minimizes down-time 
on high-output machines, since entire contactor unit can be 
replaced in minutes without disturbing wiring. 

EXCLUSIVE FRONTAL SWING-OUT .. . permits fast, easy re- 
moval of entire coil. 

EXPOSABLE MAGNET POLE FACES ... for inspection or 
cleaning. 

SELF-CONTAINED CONTACT CAGE... with no loose springs, 
screws or other parts to get lost. 

MORE COMPACT SIZE .. . allows easy location, leaves more 
space for easier wiring. 


SEPARATE TERMINALS for CONTROL CIRCUITS AND COILS 
. without using extra poles. 


EFFICIENT, DEPENDABLE OPERATION — 


ALL CURRENT-CARRYING PARTS SILVER PLATED . . . for 
LATCHING highest capacity and minimum heating. 


ATTACHMENT FRICTION-FREE, DUST-RESISTANT OPERATING MECHANISM 
. with positive, fail-safe action. 
ABSOLUTE ALIGNMENT OF PLUG-IN PRONGS ... insured by 
combined receptacle and mounting plate. 
CONTACTS and GUIDING FRAMES ... . of special heat-tem- 
pered materials to minimize wear and assure smooth action. 


HIGH-EFFICIENCY SOLENOID MAGNET and MOLDED, LOW- 
WATTAGE COILS. 


PLEASE TURN THE PAGE FOR ADDITIONAL INFORMATION 



























TYPE ‘‘RAD’’ 


DOOR 


DISCONNECTS 


MEET JIC 


STANDARDS 


0) A-H Type ‘ 


NAME 
POSITION 


nA ee 


CO. ADDRESS 
city 


Gre 


4-POLE—~ 
8-POLE 


























THE ARROW-HART & HEGEMAN ELECTRIC COMPANY 


103 Hawthorn Street, Hartford 6, Connecticut 
MOTOR CONTROL DIVISION 
Please send me complete engineering data on: 
‘IMP” and “FMP” Contactors 


0) A-H Type “RAD” Door Disconnects 


ZONE 





atest Versatility 


ever offered in a 
SINGLE RELAY DESIGN! 


6 and 8 Poles 


Relay—Type IMP 
CONVERTIBLE and 
RENEWABLE 
Contacts 


Relay—Type FMP 
FIXED and RENEW- 
ABLE Contacts 


Optional Plug-in 
Receptacle 


Optional Latching 
Attachment 





STATE 


Available 


¢ in AC and DC types 

¢ with 2, 3, 4, 6 or 8 poles 

¢ SIZE 00 (10 Amp) or SIZE 0 (15 Amp) 
¢ IMP (Convertible and Renewable) Type 


or FMP (Fixed and Renewable) Type 


* with Optional Plug-In Receptacle— 


Type IMP-100 Series 


¢ with Optional Latching Attachment — 


Cat. #IMP-11 (Specify Coil Voltage) 


COMPARATIVE WIDTHS 
4-POLE and 8-POLE RELAY with OPTIONAL 


PLUG-IN RECEPTACLE and LATCHING ATTACHMENT 





a 
INTERCHANGEABLE MULTI-POLE RELAYS 
No Other Relay Size 00 Size 0 Appli- Appli- 
Offers This Versa- 10 Amp | 15 Amp cable cable to 
tility In 2, 3, 4, in Field | Standard 


Relay 





X X 


One for both X xX 























MOVABLE 
CONTACT 









INSERTION 
POSITIONS 
EASIEST CONTACT 
CONVERTIBILITY — 
No tools needed — No loose 
parts to get lost. 





FASTEST COIL 


ACCESSIBILITY — 
Simply remove 2 screws, swing to 
front and lift out! 























One for both xX X 





No. of Poles 





Receptacle adds 214 to height and %” to depth. 
Latch adds 1%” to height. 


wires. 


ultimate in— 


SAFETY — ALWAYS-VISIBLE CONTACTS give opera- 
tor constant visual assurance of safety. EASY-TO-SEE 
HANDLE INDICATORS clearly show “On”, “Off”, and 
“Open” positions. SAFE “OFF” FEATURE prevents open- 
ing door until handle is purposely turned to “Open” posi-. 
tion. LINE COVER prevents accidental contact with live 


MINIMUM MAINTENANCE — RUGGED, BUTT-TYPE 
SILVER CADMIUM OXIDE CONTACTS provide high- 
est possible weld resistance. CONTACTS EASILY RE- 
PLACEABLE without disturbing wiring. DISCONNECT 
HANDLE is oiltight. 


EASY INSTALLATION — Both 30 and 60 amp sizes have 
identical mounting dimensions, making standardization 
easy. Mounting requires only 3 small holes and 2 screws. 
Easy-locating feature for hole location. Three adjustable 
operating shafts take care of variations in panel depth. 


ARROW AH HART 
ually since 1890 


WIRING DEVICES + MOTOR CONTROLS + ENCLOSED SWITCHES + APPLIANCE SWITCHES 


HANDIEST LATCHING 
ATTACHMENT — 

Quickly converts any of these con- 
tactors to latching type — attach- 
ment simply converted in the field 
— latch-in, latch-out, or latched 
both ways as desired. 











































CT 
1.C. 


1.0. 
1ON 
ONS 




















tric strerngth of 3,000 volts. Curing 
cycle: 3 hr at 500 F. Thickness is 7.3 
mils. 

The new tape has been designed to 
meet the high-operating temperatures 
of Class “H” transformers while per- 
forming a holding job not possible with 
rubber-based adhesives. It is also useful 
for Class “H” motor insulation applica- 
tions, and also for multiple-winding in- 
sulations where the cushioning of the 
usual rubber-based adhesives would be 
deteriorated by high temperature. Per- 
macel Tape Corp., New Brunswick, 
Pee, 
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CYLINDER SERIES ADDS 
TWO NEW BORE SIZES 


Now available are Economair series 
cylinders in 11% in. and 4 in. bore sizes, 
in addition to the 11% in., 2 in. and 3 in. 
sizes in the original line of compact 
cylinders. 

Designed for air or hydraulic service 
to 200 psi, the cylinders feature internal 
feed-ring locking of heads to cylinder 
barrels which eliminates bulky head 


= &) © \ 


castings. Flange, clevis or L-type mount- 
ing brackets are interchangeable. Con- 
struction is non-corrosive—barrels are 
of hard-drawn seamless-brass tube, rods 
of ground and polished stainless steel, 
heads and pistons of aluminum. Easily 
replaced industrial “O” ring seals are 
used throughout. Standard cushion and 
non-cushion models are offered. Mod- 
ernair Corp., 400 Preda St., San Le- 
andro, Calif. 
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PLASTICS KNOBS INCLUDE 
MILITARY TYPES 


Four new plastics knobs have recently 
been added to a line of stock-molded 
knobs, RB-155, RB-165, RB-175 and 
RB-90120. The knobs, molded of hard, 
durable materials, are 
available with slotted or socket-type set 
screws and many other types of mount- 
ings. Knobs 155, 165, and 175 are avail- 
able in 


thermosetting 


various colors and 
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PRECEDING 


| 


more 


Your PRESTOLE rep- 
resentative has this 
volume of fastener 
information now—. 
| and will be glad to 
- review it with you at 
_ your convenience. 
See list below 





PRESTOLE—designers and producers of 


than 


WAYS 


for Engineers to 
Solve Fastening Problems! 






precision-built, cost-saving, industrial fasteners of 
all'‘types—has just completed a new volume 

of standard fastener data, designed to assist 
industrial design engineers in finding the right 


fastener for every application. 


Complete, illustrated, specification-type data, 
based on years of fastening ‘“‘know-how’’, is listed 
on every type of Prestole fastener available. 
There is a method to solve any fastening problem 


... and Prestole has it! Let our representative 
call and show you how. No obligation, of course! 


CALIFORNIA—LOS ANGELES OHIO—CINCINNATI 27 
39 + Fred F. Alleman John G. 


Box 39685 + Griffith Station Mariemont Center 
6914 Miami Rd. 
MANCHESTER Wm. C. First « P. 0. Box 888 
Joseph Murphy « 808 Main St. TOLEDO 5— 
ILLINOIS—CHICAGO 39 Ervin Zahn + Prestole Corp. 
Everett Bernardo 1345 Miami St. 
5625 W. Fullerton Ave. PENNSYLVANIA— 
MICHIGAN—DETROIT ata tenon fe: 
cat J. Brady Co. 38 Maplewood Ave. 
405 W. McNichols TENNESSEE—CHATTANOOGA 
MISSOURI—ST. LOUIS 10 Peirson-Deakins Co. 
Edwards Sales Agency 823 Chattanooga Bank Bidg. 
3687 Market St. TEXAS—DALLAS 29 
“ae ete AIR = wy 4407 Northcrest Rd. 
: *  WASHINGTON—SEATILE 8 
13-08 Moriot Ave. Charles Industrial Sales Co. 
NEW YORK—DE WITT 14 5201 First Avenue, South 
A. J. Murphy Co. CANADA—OAKVILLE, ONT. 
P. 0. Box 216 E. G. Bradner + P. 0. Box 213 
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1345 MIAMI STREET, TOLEDO 5, OHIO 
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ENGINEERS say this 


CONDULETS 


"No matter what type of 


explosion-proof fitting we 


S;ASOLINE BLENDER CONTROL 
* @NEL built by Proportioneers, 
inc. for Shell Products. 


REAR VIEW Panel contains 58 
different types and sizes of ex- 
plosion-proof Condulets—a total 
of 715 in all. 


“DESIGN as you will — CONDULETS fill the bill” 


No matter how complicated your electrical con- 
duit layout, you'll find everything you require in 
the Condulet Catalog. There are more than 
15,000 different types of Condulets, plugs, re- 
matromwioe \ ceptacles, switches, controls, circuit breakers 
pistrisution \ and lighting fixtures—for both hazardous and 


eattvsioety shoough ordinary locations. 
ELECTRICAL 


pistrisurors / 

/ For complete freedom in layout design, get 

Registered — acquainted with Condulets. Product Engineering 
Advisory Service available on request. 


CROUSE-HINDS company 


Main Office and Factory: Syracuse, N. Y. 
Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. 


Or cos 
™ 
7 Atia: 


| =" © CONDULETS © TRAFFIC SIGNALS © AIRPORT LIGHTING 
a= ah 


194 


iy \p 


equipped with decorative metal inserts. 
These knobs have heen designed for 
general commercial use, appliances, 
radio-electronic equipment, instruments, 
heating and air-conditioning units. 

Knob RB-90120 is especially designed 
to meet Mil-P-14 military specifications 
per drawing MS 90120-2B01. In addi- 
tion, knob RB-31, stock item for com- 
mercial use. has been redesigned to 
meet military specifications, equipping 
the knob with metal insert for 14 in. 
diam shaft. This feature permits set 
screw to be tightened as needed to resist 
slippage from vibration or torque with- 
out danger of cracking knob. 

The new knobs are available from 
stock molds and may be marked as de- 
sired by a special Deep-Relief branding 
process. Rogan Brothers, 8003 N. Monti- 
cello Ave., Skokie, Il. 
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METRIC SERIES BALL 
BEARINGS DESIGNED FOR 
IMPROVED PERFORMANCE, 
LONGER LIFE 


To increase the life and performance of 
standard metric series ball bearings, a 
special concept in bearing design and 
manufacture has been worked out called 
the Fractured Race Technique. By 
fracturing the outer ring of the bearing 


at one point, it may be opened sufh- 
ciently to introduce a maximum comple- 
ment of balls. Advantages include no 
loss of thrust load-carrying capacity, as 
experienced in the “loading-slot” meth- 
od or counterbored outer-ring method; 
increased overall performance meaning 
increased number of balls in bearing 
leads to increased load capacity and 
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If it’s precision you're after, 


— call a Hoover Man 


Drsign \ \\ 


oe Some people are exacting about every- _ ings for virtually every major indus- 
Cugincering - / . 

Show thing they do. Precisely the way we try in the country for 35 years. Why 

feel about Hoover castings—alumi- _ not try us out? Just get in touch with 

num and zinc alloy ones, that is. us and let one of our Sales Engineers 


We’ve been producing precision cast- give you the whole story. 
Meet Hoover 
in Booth 1811 


THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 


IE CASTING » HOOVER 
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increased life of bearing; simplification 
of ball-retainer construction, which in | 
company’s method is one-piece rather 
than multiple-piece. 


The fractured ring closes by its own 


CONSULT ae , Y 
resiliency and is secured by circumfer- 
, ential holding wires or rings. The leon: tI 
ture, according to manufacturer, does 
‘ not weaken the bearing. Split Ballbear- 
my ing Corp., Lebanon, N. H. 
DB Circle No. 19, Reader Inquiry Service Cards 
preceding back cover 
Your product benefits WIRE-REINFORCED | 


3 ways from the use 
of a DIALCO Pilot Light: em | FUSE CLIPS OF EPOXY RESIN, NYLON, 


Hellcsieaeail ‘emeineeasiae Made of 100 per cent electrolytic cop- | TEFLON AND OTHER PLASTICS 


The ew of Bebt. ond per, new line of wire-reinforced fuse 


G ws 
sparkle of a lens add as) | clips and jaws assure greater conduc- CUSTOM-FORMED TO ANY 


colorful visual attraction. Sa | tivity with a lower heat rise. Steel wire 


— amen a . reinforcing produces the necessary grip CYLINDRICAL SHAPE IN 


—_ light can prevent DIAMETERS OF Ye" TO ed 
lamage to equipment. 


Added service: Discs AND LENGTHS UP TO 7 


inserted behind lenses 


can be used to deliver i ‘ > , , NO MOLDS NECESSARY 
a s ; r 





specific messages, such 
as “FUEL LOW”, 
“ON”, “OFF”, etc. 


Let the Dialco engi- 
neering department as- 
sist you in selecting 
the right lamp and 
the most suitable pilot 
light for your needs. 


Dialco offers the com- on fuses to withstand excessive vibra- 


lete line of pilot , ~y ° ° . 
fights, See eee, tion and shock, Clips are available in 


ature types to giant the following sizes: 30 amp, 250 volts; 
aah alee S50 Seman. 30 amp, 600 volts; 60 amp, 250 volts; 


Every assembly is avail- 60 amp, 600 volts; and 100 amp, 250 


able complete with lamp. ! volts. sco Corp., Dept. F, Cincinnati 
SAMPLES ON RE- ATG 27. Ohio 
QUEST AT ONCE — ¢ " Clecte | 7 

Circle No. 20, Reader | S Card 
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Illustrations are ap- 
prox. 70% actual size 
..+ (A) No, 8-1930- 


sae Wee tone. : HIGH-RELIABILITY MIDGET 
aS a wg METAL-CLAD PAPER 

s2aa Ne ae » | CAPACITORS 

with light shield cap. we 


Write ior catalogues 
and Design Brochure 


After two years of exhaustive pilot runs, 
manufacturer announces a complete 
new line of Hyrel capacitors designed 
to conform to an extremely rigorous set 
of capacitor specifications. Techniques, 
materials, and processes were combined Whatever your particular individual 
requirements in cylindrical bobbins in 

above size ranges, it will be in your 

‘ best interests to consult with our en- 

aa , gineering staff. This service is offered 
oremost. Bet De P= | without cost or obligation, of course. 
‘DIALIGHT aie tel Any quantity promptly supplied—and 
A remember . . . no molds necessary. 


CORPORATION 


Illustrated are but a small fraction of 
the countless possible variations of 
cylindrically shaped bobbins we can 
custom form of plastic materials. 


Send blueprint or samples for prompt quotation. 


to make the new paper capacitor series 

extremely reliable. The first units— 

Type 195P—are subminiature metal- 

clad paper units hermetically sealed b be 0 D U e T S 

with compression-type glass-to-metal INC. 
solder-seal terminals. Available are both 

conventional tubular and screw-neck EE es 
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Custom Wires (able Specs Sea ? 


It gets pretty rough at sea sometimes — _ Set the compass for home, engi- 
especially when they’re screaming for “that —_neer, call for PHALO and ease 
certain wire or cable”. So how do you get __ the tension! 

home with the right answer? Well, if you’re 

a thinking man (and we’re sure you are), Here’s one way to keep out of 
you think of PHALO . .. the custom wire trouble — Get This Catalog! 
and cable house who have helped more people 

in your position than almost any firm in the 

country. 


Commercial & Foster Streets 


WORCESTER, MASSACHUSETTS 
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From 005" wire 
fp 


to Ye" wire 


Whether your de- 

signs call for small 
precision springs or 

any of the big rugged 
fellows (such as we’ve 
been producing for years 
for the leading farm imple- 
ment people), we'll wel- 
come the opportunity to 
quote on your require- 
ments. By “requirements” 
we mean utmost reliabil- 
ity and adherence to de- 
livery schedules—as 

well as competitive 
pricing. 


BEFORE YOU PLACE YOUR NEXT SPRING ORDER: 


1) Are you getting design engineering service from your present 
source of supply? 


Does your supplier have 200,000 square feet of space devoted 
to the production of all types of large and small spring items? 


Does your supplier maintain a large raw material inventory to 
service your needs? 


4) Do your price and delivery quotations satisfy you? 


IF NOT, CALL, WRITE or PHONE: 


AMERICAN 

SPRING & WIRE 
SPECIALTY 
COMPANY ‘#2sssnss 


mounting styles; all are Vitamin Q im- 
pregnated and designed for operation 
from —55 to 125 C. Voltage ratings of 
200, 300, 400, and 600 volts d-c are 
standard. 

The stringent performance require- 
ments manufacturer has set involve 
shock, vibration, immersion, moisture- 
resistance. and long-life characteristics. 
Sprague Electric Co., 307 Marshall St., 
North Adams, Mass. 
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TRANSISTORIZED BUILDING 


BLOCKS FOR PLUG-IN 
ASSEMBLY OF DIGITAL 
SYSTEMS 


Transistorized logical circuits for asyn- 
chronous’ digital computing, data 
handling. logical analysis, simulation, 
and control systems are called M-PACs, 
The 3C-PAC Series M units are de- 
signed for d-c operation in the zero to 
100-ke range. Basic circuitry is derived 
from the Eccles-Jordan flip-flop and the 
multileg diode gate. Transistorized M- 
PACs can be combined to perform all 
digital operations including arithmetic 
computation, storage, programming, and 
logical decision. Operations are deter- 
mined by the manner in which the dif- 
ferent basic packages are intercon- 


nected. Complete systems can be built 
up with M-PACs by interconnecting 
terminals in accordance with simple 
guide rules. 

Systems can be designed, constructed, 
maintained, and operated from simpli- 
fied block diagrams which give basic 
system logic, M-PAC locations, and pin- 
connections. The systems may be pow- 
ered by standard transistor supplies 
and are compatible with commercially 
available storage and readout devices. 
Although designed for asynchronous 
applications, M-PACs may be used in 
synchronous systems with appropriate 
clocking circuits. 

Included in the line are the following 
basic packages: Flip-Flops, Emitter 
Followers, Pulse Amplifiers, Diode 
Gates and Buffers. Inverter Amplifiers, 
One-Shot Multivibrators, Variable-Fre- 
quency Blocking Oscillators, and Crus- 
tal-Controlled Square-Wave Oscillators. 
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Westinghouse 
Silicon Rectifier 
WN-5082 with 
maximum peak 
inverse voltage 
ratings of 50-400 
v. (300 to 5000 am- 
peres in bridge 
assemblies.) 


(Ss) 


Silicon Rectifiers win 
in grueling use tests 


THE PROBLEM: Use six (6) Westinghouse 5082 diodes in a 
3-phase full-wave bridge for an arc welder — the most rugged, 
most challenging application that can be found. See how they 
stand up under this rigorous duty cycle, high short-circuit peaks, 
alternate heating and cooling, and transient voltage spikes. 
Compare the performance with other types of rectifiers. 


THE PERFORMANCE: Hundreds of these arc welders are today 
successfully performing for satisfied customers. Over 100,000 
grueling duty cycles in industrial use have proved the value of 
Westinghouse Semiconductor Department’s High Power Labo- 
ratory where this application was pretested round-the-clock 
with 35,000 duty cycles. 

THE CONCLUSION: Westinghouse Silicon Rectifiers provide im- 
portant advantages to builders and specifiers of rectifier assem- 
blies . . . improve equipment design and operational efficiency 
with: 


you can BE SURE...1F iTS 


Westinghouse 
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Westinghouse Type RA Single 
Operator D-C Arc Welder 


¢« More power in less space ¢ Higher temperature operation 
¢ Lowered installation costs + Unlimited life span 
¢ Minimum maintenance expense «+ Reduced power loss 

Get the facts first hand! 
The coupon will bring you complete engineering experience . . . 
suggested circuits . . . positive proof of new reliability, efficiency 
and economy. 


WESTINGHOUSE ELECTRIC CORPORATION 
P. O. Box 868, Pittsburgh 30, Pa. 


Please send me data on the new Westinghouse WN-5082 
Silicon Diode. 


Please send me data on other Westinghouse Silicon Diodes. 
(Describe types or applications) 


Name. 

Pe ciiicinticattescitstnsssiaiiiieaiiiniey 
Address 

i cenatiecnmshieniin ee —State 


Se S: 
I a a as al 





200 


Power 


Transmission 
Job-Rated for the Equipment 
Particular Load to: 


Give Maximum Performance on Your Job 


NON-LUBRICATED 
EASILY-ASSEMBLED 
FLEXIBLE COUPLINGS 


Torque 
(static c).+ 1 


MAINTENANCE-FREE INSTANTLY- 
ADJUSTABLE VARIABLE SPEED PULLEYS 


ECONOMICALLY-PRICED INFINITELY- 
VARIABLE SELECT-O-SPEED 
TRANSMISSIONS 


Static Torgus See 
wi 340 to 130700 nels. 
207 
Get wtioy performance for your equipment. om 
Request full information now. 


4802 WEST LAKE STREET * CHICAGO 44, ILLINOIS 








In the Flip-Flop package, an extra 
transistor circuit is included to energize 
a neon set-state indicator on the imme- 
diate panel or in a remote location 
The Pulse Amplifier includes a regen 
feedback network which pro 
vides an output waveform independent 
of input form. This same circuit also 
has a storage system which supplies a 
delayed output in addition to the nor- 
mal output. The Pulse Amplifier and 
the Emitter Follower can each drive up 
to 10 gate inputs or several additional 
Emitter Followers. 

Each M-PAC circuit is contained on 
a 214” x 314” epoxy-glass printed-cir- 
cuit card having a standard 12-pin con- 
nector and edged by a protective alu- 
minum handle. Computer Control Co.. 
Inc., 92 Broad St., Wellesley 57, Mass 
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SMALL ROLLER GEAR DRIVES 
FOR HIGH-SPEED INDEXING 


Series of smaller, faster roller gear 
drives for high speed precision indexing 
supplements a line of standard cam in- 
dexing mechanisms. The new “E” series 
Drives, rated for 2,000 indexes a min- 
ute, are especially designed for pack- 
aging and photographic equipment and 
instrumentation and other devices re- 
quiring higher indexing and 
lower torque requirements than the reg- 
ular line provides. Components of the 


speeds 


mechanism consist of a_ precision-cut. 
hardened tool steel cam with a tapered 
rib and hub with standard bearing fol- 
lowers. Two followers are in contact 
with the cam rib at all times. As the 
cam rotates, a curved portion of the rib 
indexes the hub and output shaft. When 
the followers reach a straight section 
of the rib, “dwell” occurs and the hub 
is locked with a precision 0.001” and 
zero backlash without auxiliary locking 
or locating methods. Units, rated for a 
minimum of 8,000 hours precision op- 
eration, 
acceleration 

vibration-free 


employ a modified trapezoid 
characteristic for smooth 
indexing. Standard “E” 
Drives are available from stock with 3. 
4. 6. 8 and 12 stops and with indexing 
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A single small green thread distinguishes silicone-glass magnet 
wires from ordinary varnish-treated wires. This simple innovation 
—which was introduced by Rome Cable—saves you time and 
money by making identification easier and positive. 


Insulated by a tough silicone-glass covering... 


Rome's’ green thread magnet 


wire” permits 


easier-wound coils for Class H equipment 


You can prove to yourself that Rome 
Cable’s silicone-glass magnet wire is 
best by comparing its properties with 
those of any other. It will pass any 
reasonable test you can give it. This 
premium quality magnet wire features: 
High heat resistance —ideal for Class 
H equipment (180° C. hottest spot). 


Outstanding abrasion resistance—this 
wire is made to order for the tight ten- 
sion blocks and severe handling in- 
volved in coil winding. 

High tensile strength—this tough in- 
sulation won't crack under the tension 
of coil winding. 

Perfectly bonded—this skip-free cover- 
ing is tightly bonded to withstand 
severe bending. 

In addition to the toughness and 
heat resistance of its insulation, this 
magnet wire features a copper con- 
ductor with consistently accurate di- 
mensions, a surface free of burrs and 


defects, and the correct copper soft- 
ness—all the result of Rome Cable’s 
step-by-step quality control. 
And-—since proper spooling of fin- 
ished wire is of real importance—Rome 
Cable accurately winds each layer. 
Spools are then carefully packed to pre- 
vent any damage during shipment. 
Many magnet wire users are now 
specifying Rome’s green thread wire 
for Class H use because they know that 
this silicone-glass magnet wire is more 
dependable and easier to use than any 
other. Why don’t you do the same? 
Contact your nearest Rome Cable 
representative for more information- 
or write to Department 203, Rome 
Cable Corporation, Rome, New York. 


High tensile strength of insulation is a 
must when winding transformer coils. 
Rome’s silicone-glass magnet wire readily 
meets this requirement. 


ROME CABLE 


GS 2 
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Paragon’ gives you speed 
.without fatigue! 


Check the response-to-the-touch. 
You can actually feel the difference! 


That’s why the Paragon Drafting Machine notice- 
ably cuts end-of-the-day fatigue . . . 
man hours. . 


saves costly 
. helps raise working standards. 

See how easily protractor control ring can be 
reached—no matter what position your hand is in. 
Another time saver. Touch that ring with your /ittle 
finger and scales rotate freely. Release pressure and 
scales automatically lock to nearest 15° position. 
And intermediate angles are just as easily set! 


Top day-to-day performance is guar- 
anteed by unique “open center" de- 
sign of arms which protects smooth- 
working factory-set band tension. 


A good look at a Paragon and a touch on that con- 
trol ring is worth 1,000 words! Try it before you 
buy any drafting machine—you can feel the differ- 
ence. 
89 YEARS OF LEADERSHIP 

In equipment and materials for drafting, survey- 
ing, reproduction and optical tooling . . 
rules and measuring tapes. 


. In slide 


> KEUFFEL & ESSER CO. 


NEW YORK - HOBOKEN, Wi. - 


Detroit + Chicago + St. Lowls + Oalias « San Francisco + Los Angties + Seattic - Montross 


periods of 120, 180 and 270 deg. Hous- 
ings are as small as 634 x 4 x 4. Fer- 
guson Machine Corp. of Indiana, Roller 
Gear Division, P.O. Box 5841, St. Louis 
21, Mo. 
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CERAMIC 250-WATT 
TETRODES 


Two new 250-watt ceramic and metal 
tetrodes, designated the 43X250K and 
4CX250M. respectively, are external 
anode radial beam-power tetrodes em- 
ploying concentric UHF terminals, and 
represent the continued emphasis being 


placed on ceramic and metal construc- 
tion in new tube design. 

The 4CX250M has a 26.5-volt fila- 
ment, while the 4CX250K has a 6-volt 
filament. Both tubes have a 250-watt 
plate-dissipation rating. Eitel-McCul- 
lough, Inc., San Bruno, Calif. 
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SENSITIVITY OF MIDGET 
RELAY RANGES DOWN 
TO 6 MW 


Miniature sensitive relay with a sensi- 
tivity range down to six milliwatts is 
available in four header styles. The 
balanced armature relays operate where 
little power is available, as in vacuum 
tube circuits. The relays which are 
available either as SPDT or DPDT. ar 
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Various types of operators are avail- 


able, such as standard head, mushroom 
head, coin slot, key type, wing lever, 
and 2 or 3-position selector switches. 
Buttons can be had in a variety of colors. 


External view of 
the contact block, 
showing the nor- 
mally open and 
normally closed 
contact terminals. 


Internal view of contact 
block, showing stationary, 
double break N.O. and N.C. 
contacts. The push rod car- 
ries the moving contacts. 


New weavaur 


These new Bulletin 800 heavy-duty push buttons are the modern- 
ized version of the old, reliable line of Allen-Bradley heavy-duty 
stations. Advantages which . . . until now . . . have been restricted 
to oiltight stations used for machine tool service . . . have all been 
built into these new, heavy-duty stations . . . and you benefit from 
the result. 

For instance, each button, selector switch, or pilot light is a self- 
contained unit which can be mounted singly or in groups—ver- 
tically or horizontally—in a variety of standard Allen-Bradley 
enclosures, or any other enclosure arranged for these units. The 
name plate reading will always be in the right direction. Double 
break, silver alloy contacts are used throughout. 

No matter how special the station may be, it can be assembled 
on the job from a small stock of standard units. Standard enclo- 
sures accommodate up to 8 units. Enclosures for more than 8 
units can be supplied on special order. 

Please write for descriptive Bulletin 800. 


Allen-Bradley Co. In Canada— 
1309 S. First St. Allen-Bradley Canada Ltd. 
Milwaukee 4, Wis. Galt, Ont. 


ALLEN - BRADLEY 


THE SIGN OF solvnoip MOTOR CONTROL 


QUALITY ~ y 


MOTOR CONTROL 
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said to have shown reliability in excess 
of a million operational cycles. In vibra- 
tion tests dependability remained at 10 
times gravity from 5 to 500 cps. Shock 
tests were delivered at 50 times gravity 
while the relays were in operation and 
they were found satisfactory at ambient 
temperatures from 65 te 125 © 
s - Relays are designed to meet or exceed 


military specifications MIL-E-5272 and 
if you: uss a) MIL R-5757B. passes a 
jgears /pinions 
‘ 
onus ECG fe 


complete functional test in accordance 
with MIL-Q-5923B. 

IT WILL PAY vou To cH | 

™ GRC’'S STOCK SH cot 


Vital elements of the relay are her- 
Before you order gears or pinions, see GRC’s new Stock Sheet 
e, 


All items listed are cast from stock dies, individually or in 
various combinations of gears, pinions, hubs, shafts, etc : sea + ania a ae 

Holes, shafts, spacers, shoulders, etc., are made to your exact ard octal tube oor ket header and stand 
specifications at no extra tool charge, quantity permitting ard nine-pin plug-in header for use in 

Moximum O.D. about 114", with 1/156" face width; wider 

GRIES REPRODUCER CORP. 
World’s Foremost Producer of Small Die Castings 
149 Beechwood Ave., New Rochelle, N. Y. ¢ Phone NEw Rochelle 3-8600 


faces for smaller diameters. ¢ Unusual shapes, extra precise printed circuit applications. Electronics 

requirements, available on special order Div.. Iron Fireman Manufacturing en 

] ) a i i , rpm, 400 cps at 3428 rpm, and 420 
oF y cps at 3600 rpm. The 14-pole, 5000 


2838 S.E. Ninth Ave., Portland 2. 
Since the earliest days of mobile radio 


Oregon. 
. some thirty years ago... the name 


See us at Booth 421 
Design Engineering Show 
May 20-23rd, N. Y 


Every relay 


metically sealed in inert gas to protect 
them from adverse environmental condi- 
tions. Standard contact material for the 
product is silver, 
either 2 


rated at 2 amp for 
8 volts d-c or 115 volts a-c. Con- 
tacts comply with military specifications 
on overload test at four times the rated 
current. 

The four styles available include a 
standard dual four-pin loop header. 
standard eight-pin loop header, stand- 


Write today for new stock sheet. SEND [77> ) 
SPECIFICATIONS FOR PROMPT QUOTATION Apo 
— 100,000 TO MILLIONS. 
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GENERATOR OUTPUT VARI- 
ABLE FROM 380 TO 420 CPS 


Push-button control permits automatic 
adjustment of output frequency of 5 
kw high-frequency a-c motor-generator 
A variable pulley arrangement per- 
mits adjusting the frequency from 380 
to 420 cycles per second. 
Generator output is 380 cps 3257 


emotors ... the kind most recommended 
by experts where dependability counts 


of CARTER has maintained its prominence 
in the manufacture of rotary power sup- 
plies. 

Today, modern 100 watt police radio 
communication equipment, is produced 
by ALL major set manufacturers, and 
obtain power from CARTER Duovolt Gen- 


gotta, 


Arter 


“owe® 


MARK) 


(TRADE 


first. 


CARTER 6/12v. DuoVolt Genemotors op- 
erate equally well on 6 or 12 volt input. 
They combine the efficiency, economy, 
and capacity to insure top performance 
in the best and most powerful mobile 
radios ever available to the nation’s 
police. 


CARTER MOTOR CO. 
2708 W. George St., Chicago 18 


Please send complete information on 
CARTER Rotary Power Supplies. 


Name- 


Address _ 


i cicrerscensenceenieenenns Dice 


watt alternator supplies 
120/208 volt current. Initial power is 
furnished by a 7% hp 60-cycle a- 
motor which operates at 1800 revolu 
tions per minute. 


three-phase 


The independent two-bearing gene 


rator (left) and two-bearing motor 
(right) are mounted on a welded steel 
base together with the drive 


ment. 


arrange 
A variable pitch pulley, mounted 
on an extension of motor drive shaft 
decreases in 


diameter as motor is 


moved away from drive pulley, increas- 
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FANSTEEL™ 


ELECTRICAL 
CONTACTS 


S pe hms i 
| SERVICE 


Specialized knowled Le, 
5 pecialized experience, 
a special interest in your problems 


7 STEEL aE hitb 


NORTH CHICAGO, ILLINOIS, U. S. A. 





High Quality, Maximum Performance, 
eee Dependability at Low Cost 


os z 


s eS an 


S WN 7 £2 OL VACUUM PROCESS 


SELENIUM RECTIFIERS 


Through their unique vapor deposit process and quality control 
methods, SYNTRON is able to provide Rectifiers of extreme uni- 


formity, long life and stability. Engineered to meet the most rigid 
requirements. Constructed from quality materials and treated to 
withstand adverse climatic conditions. Designed to provide con- 
tinuous, dependable, maintenance-free service. Operation is instan- 
taneous, no warm-up period is required. Their low forward volt- 
age drop means greater efficiency, low ageing, and long life. 
SYNTRON produces the largest variety of selenium cells in the 
industry. Let our applications engineers make recommendations 
for your rectifier needs. 


Builders of quality equipment for more than a Quarter-Century. 


Other SYNTRON Equipment of proven Dependable Quality 


AC TO DC POWER SINUATED PARTS 
CONVERSION UNITS WIRE FEEDERS 


Write for complete catalog data — FREE 


SYNTRON COMPANY 


490 Lexington Avenue Homer City,Penna. 


ing the generator rotor speed and in- 
creasing the output frequency. A small 
fractional horse power a-c motor op- 
erates a screw type shaft, causing the 
motor to move and thus allowing the 
change of pulley pitch. 

Generator mounted panel, built to 
customer specifications, includes volt- 
meter, ammeter, rheostat and auto- 
matic voltage regulator. Kato Engi- 
neering Co., Mankato, Minnesota. 
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RELIEF-TYPE FITTING SPEEDS 
BEARING LUBRICATION 


Now available is a relief-type lubrica- 
tion fitting for use on anti-friction 
bearings in motors. machinery, pillow 
blocks. or any ball or roller bearing 
housing equipped with conventional 
relief plugs. Feature is a special “flip- 
open” cap that speeds bearing lubrica- 


tion. Body of the fitting is internally 
flared to allow free discharge of ex- 
cess grease. Although the cap is held 
tightly in place by spring tension, it 
snaps open or shut with the flip of a 
finger. No wrenches or special tools 
are needed to open the cap, which 
swivels to any position so that it is 
easy to reach. Because it is attached to 
the fitting, the cap cannot be lost or 
misplaced. Keystone Lubricating Co., 
3100 North 21st St., Phila. 32., Pa. 
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SILICONE SPONGE RUBBER 
FLEXIBLE TO —100 F 


\ new silicone sponge rubber made of 
50 durometer hase stock has recently 
heen marketed. Sponge structure is 
primarily of closed cell count and 
possesses the same general qualities 
as the base material. Exhibiting ex- 
treme flexibility at low temperatures 
down to —100 F, while having good 
heat resistance up to 500 F, silicone 
sponge has good compression set 
characteristics. Style 9383 _ silicone 
sponge is extremely tough and resists 
tearing and abrasions. Made of 50 dur- 
ometer base stock, style 9383 sheds cold 
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No matter how many you need... 


Sat 


From stock or... from production 


we offer fast delivery of O-rings! 


Parker can meet any demand for O-rings. Factory stocks 
(millions of O-rings) are maintained in Chicago, Cleve- 
land and Los Angeles. Large warehouse stocks are 
available at more than 50 Parker O-ring distributors. 
You can get standard sizes of AN, MS, industrial spec- 
ifications, etc., right off the shelf. (And we have over 
296 standard O-ring sizes with many different standard 


compounds.) Parker also has the production facilities 
to handle “specials” and volume requirements. 

From Parker you get exactly the right O-ring for 
your specific requirements. Our engineering service will 
help you with any designing problems. We invite you 
to prove by comparison tests how Parker O-rings seal 
better and last longer. 


RUBBER PRODUCTS DIVISION 
Section 523-H 


The Parker Appliance Co. 
17325 Euclid Ave., Cleveland 12, Ohio 


[] Please send O-ring Size Catalog No. 5701 
arker <= 


. COMPANY. 
Hydraulic and fluid 


ADDRESS 
system components 


ciTY_ 
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| 
INTEGRAL HP 
MOTORS 


MARATHON ELECTRIC 
® 


in MOTORS — GENERATORS 
: 


+g 


New NEMA Frames 182 thru 326U 


ls 
 Splash-proof 
 Drip-proof 
Guarded 


Weather 
Protected 


a EXPERIENCE PROVEN PERFORMANCE. 
There is no substitute for the reliability of prov- 
en performance . . . Top Names of the Nation's 
Industry have proven performance in 


PRODUCING QUALITY PRODUCTS. 


VERSATILITY . . . WIDE RANGE OF DESIGN. 
Single Phase . . . Polyphase . . . Direct Cur- 
rent NEMA Standard . . . or Special Design 

can design to meet your special specifica- 
tions. 


SERVICE THROUGHOUT the NATION. 
There is an (BE District Office near you... 
Call our Sales Engineer TODAY to help solve 


your motor problem. 


m } 
wt aD, 
we 
for the ‘ , 
+ : . 
¥ ’ A Complete 
es ‘- ; Condensed 
rs , Catalog of 
r4 Motor Prices & 
Nee és 


MOTORS 
1/20 HP thru 
2500 HP 


GENERATORS 
1/2 KW thru 
2000 KW 


a d 


Dimensions with 
NEMA New-Old Frome 
Cross-Reference List 


WRITE DEPT. 21, 
WAUSAU, WIS 


SINCE 1913 


MARATHON 


HOME OFFICE AND FACTORY, WAUSAU, WIS. 


ELECTRIC 


6 ACL US el ae ees ace 


SALES OFFICES IN PRINCIPAL CITIES 


, LUBRIVAL, 


water well and resists adhesion of ice. 
Its aging and weathering qualities are 
said to be excellent. In extremely hot or 
cold applications the orange-colored 
silicone sponge successfully meets the 
full range of field conditions. The sili- 
cone sponge is available in sheets, 
round, odd and simple extruded cross 
sections. The Garlock Packing Co., 405 
Main St., Palmyra, N. Y. 
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CIRCULATING OIL SYSTEM 


Designed to serve the lubrication needs 
of presses, automatic and semi-auto- 
matic machine tools among other 
equipments, new circulating oil system. 
employs the two-line 
principle of operation to supply oil 
under pressure to Progressive Dualine 


measuring valves for delivery to bear- 
ing points. The valves have individual 
sight indicators and feature the posi 
tive piston displacement method of 
feeding lubricant. 

The equipment monitors its own 
operation through a pressure sensing 
mechanism to warn of clogged or bro- 
ken lines in any part of the system. 

For operating flexibility, a variable 
delivery pumping unit permits a wide 
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For HIGH Insulation Resistance 
and Low Power Factor 


AEROVOK Polystyrene Capacitors 


are wound with 


*» Aerovox Polystyrene Capacitors are de- 
signed for applications where stability 
and low dielectric absorption are essen- 
tial—such as computing devices, tuned 
circuits demanding highest Q standards, 
capacitance bridges, and _ laboratory 
standards. They are available in many 
case styles and in capacities from 0.001 
mfd to 25. mfd. and in voltage ratings 


from 100 VDC to 1600 VDC. 


Natvar Products 


Varnished cambric—cloth and tape 
Varnished canvas and duck 
Varnished silk and special rayon 
Varnished—Silicone coated Fiberglas 
Varnished papers—rope and kraft 
Slot cell combinations, Aboglas © 


Isoglas® sheet, tape, tubing and 
sleeving 


Vinyl coated and varnished 
tubing and sleeving 


Extruded vinyl tubipg and tape 


® Styroflex® flexible polystyrene tape 


READER 


Extruded identification markers 


Ask for Catalog No. 23 


Pra Ey 


EROVOX Corporation, with ten plants 
from coast to coast, have been manutacturing capacitors 
since 1922. As leaders in the field, they have been quick 
to take advantage of new and better materials, and to 


anticipate the demands of the fastest growing industry— 


electronics. 


They use Natvar Styroflex because it has all of the out- 


standing properties of polystyrene, plus complete flexi- 


bility, toughness and uniformity. 


Natvar Styroflex is available in standard thicknesses from 


.0004” to .006” in rolls from 1” to approximately 10” in 
width. Ask for data sheet St-1. 


NATVAR CORPORATION [i 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
TELEPHONE CABLE ADDRESS 
FULTON 8-8800 NATVAR: RAHWAY, N. J. 
207 RANDOLPH AVENUE @ WOODBRIDGE, NEW JERSEY 
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assure precision in 
sub-miniature assemblies 
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\MICRO-VISION 


77) 


a 
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¥ 
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This transistor is enlarged 6 times. You can’t 
see much detail in its actual size, like this... 
= That's why Bausch & Lomb Stereomicro- 
scopes are built right into Bell Laboratories’ 
ingenious experimental machine, ‘Mr. Meticulous,”’ which auto- 
matically assembles hair-thin elements in steps involving move- 
ments of 1/20,000 of an inch! Without visual fatigue, technicians 
get vividly magnified views of these tiny parts and intricate oper- 
ations. We’re mighty proud of the part B&L Stereomicroscopes 
play in helping Bell Laboratories achieve miracles 
in electronic technology to improve 
telephone service. 


FREE! exc.usive 
3-D MICRO-VISION BOOK 


See actual stereo views! Choose exact model from 

industry’s most complete line, with unique Selec- 
tor-Chart! Write today 
for manual D-15. Bausch 
& Lomb Optical Co., 
84717 St. Paul St., Roch- 
ester 2, New York. 


STEREOMICROSCOPES 


range of selection in the number of 
injections per minute applied to bear- 
ing points. There is no limit to the 
number of measuring valves that can 
be manifolded together to serve a piece 
of equipment; valves are manufactured 
in two capacities. 

Each valve is designed to serve two 
bearings; a simple, external cross-port- 
ing accessory can be attached at any 
time to merge two discharge ports 
into one. 

Simplicity of design and soundness 
of operating principle ensure that 
temperature-induced changes in oil 
viscosity have no effect on valve de- 
liveries. The Farval Corporation, 3249 
East 80th St., Cleveland, Ohio. 
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STANDARD-DUTY ZINC-CAST 
FLEXIBLE COUPLING 


Lubrication is never required by a new 
zine die cast flexible coupling, specially 
designed for original equipment instal- 
lation. Known as the Type L-093, the 
couplings installation, removal, assem- 
bly or disassembly can be quickly and 
easily accomplished, since the coupling 
consists simply of two bodies with jaws 
and a one-piece spider-type cushion. 
Dust, dirt, mud, water or similar 
adverse conditions have no effect on 
performance. The load is transmitted 


by cushion compression, thus the metal 
jaws are not subjected to wear. The 
cushion spiders out into six load ends 
which are in plain sight for quick 
inspection at all times. On nonrevers- 
ing loads only three of the load ends 
are under compression, while the other 
three are idling. Thus, the cushion 
can be reversed for double service 
life. Standard material is oil-resistant, 
highly resilient Buna-N-compound. Also 
available are: high grade oak tanned 
leather for severe loads where resil- 
ience can be sacrificed: bakelite for 
applications where backlash and/or 
shock loads are not a factor; and bake- 
lite with Buna-N center for heavy 
loads and reduction of backlash at 
slow speeds. 

Ratings of the new coupling range 
from 0.4 hp. at 100 rpm. to 4.6 hp. 
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MALLOR 


ttt) t 


For Long —Trouble-Free Service 


VITREOUS ENAMEL TUBULAR RESISTORS For wire-wound resistors to meet exact circuit re- 
In ratings from 3 to 200 watts. quirements—with the performance and ratings 
you need—look to Mallory. Mallory power resis- 
AXIAL LEAD RESISTORS tors incorporate many design features to assure 
; 2 superior life, high physical strength, and ability to 
In ratings of 4 and 7 watts. withstand thermal shock. 
ADJUSTABLE VITREOUS ENAMEL RESISTORS Mallory power resistors are available in a wide 
In ratings up to 200 watts. range of physical sizes, power ratings, coatings—to 
fit a wide variety of applications. A consultation 
CEMENT COATED RESISTORS with a Mallory resistor specialist can help you 
In ratings from 5 to 200 watts. select the type best suited to your specific cir- 
cuit design. 
VITREOUS ENAMEL AND RW TYPES 


Complete information and data may be had by 
To meet Military Specifications. 


requesting Catalog 79-8. 


Expect more...Get more from 


Serving Industry with These Products: 


P.R. MALLORY & CO. inc. 
Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries A L L O ef 
Metallurgical — Contacts * Special Metals © Welding Materials 


Parts distributors in all major cities stock Mallory 
P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
standard components for your convenience ‘ 
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Write for idea booklet, 
"Big Four in Electrical Tapes”. 


 Johns-Manville 


at 3600 rpm, using standard cushions. 
Lovejoy Flexible Coupling Co., 4991 
W. Lake St., Chicago 44, IIL. 
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and SAE 52100 high carbon chrome 
steel. In both cases, snap type retain- 
ers of 430 stainless steel are used. 
Models are provided with either single 
or double shield, with or without flange. 


eS. 3% 


CYCLING TIMER HAS WIDE 
RANGE OF SPEEDS 


New cam timer in 1] through 4 poles 
features small size, design simplicity, 
and a wide range of speeds. With con- 
tacts for 30 amp resistive loads (and 1/3 
hp) at 115 volts a-c, speeds of 1 rpm 
to 1 revolution in 8 days are offered. 
Faster speeds can be obtained with 
lower switch ratings. Switches are 


open blade, SPST or SPDT. 


DUTCH BRAND 
u 


P 


either 


Use in production 


Provides a safe, 
strong insulating 


seal in wiring 


harness. 


Retainers are precision stamped with 
channel type rolled sections, and coined 
ball pockets. Miniature Precision Bear- 
ings, Inc., Precision Park, Keene, N. H. 
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. conform to irregular surfaces. They're 


DUTCH BRAND 


lhree-level cams and a neutral position 
in the SPDT switches can be supplied 
to permit control of up to 8 load cir- 
cuits with a 4-pole timer. 

Type 571, the timer is a cycling de- 
vice which 


MINIATURIZED PILOT- 
OPERATED 4-WAY VALVE 


Useful for controlling small double-act- 
ing cylinders and similar devices, 
miniaturized pilot-operated 4-way valve 
is of single solenoid design. The new 
valve, called the Bantam 4-way is only 
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operates continuously as 
long as power is supplied to the high- 
torque motor. One-piece molded bake- 
lite housings cams and 
switches. Time program is cut into 
factory-set cams, which are positioned 
on a square shaft so that no change in 
setting can result even after long us- 
age. 

Overall approxi- 
mately 234 in. square x 234 in. deep, 
including motor. Two-hole mounting is 
standard, with one-hole center mount- 
ing optionally available. Output shaft 
can be supplied. 

Wiring terminals are quick-discon- 
nect spade type. Male portion is in- 
tegral part of terminal-contact clips; 
female member is normally furnished. 

Designed for U. L. approval, Type 
571 is available for all standard volt- 
ages, and 60 and 50 cycles. Cramer 


Controls Corporation, Centerbrook 
Conn. 


. handle 
Positive insulation 


for high voltage 


Oil and dirt proof. 
motor leads. 


enclose 


dimensions are 


. high electric strength. . 


construction 
The perfect 
insulation for 
splices and 
terminals in 
junction boxes. 
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There are three reasons for tooling up with Dutch Brand Plastic 


Electrical Tapes. They're economical—available in a variety of 
sizes and widths to permit maximum economy on each job. They're 


versatile—stretch up to 150% .. 


1 inches high and weighs 30 oz. It has- 
only 3 working parts. Four-way action 
is achieved with a single solenoid pilot 
and a pressure-balanced shuttle in the 
valve body. 

Extremely fast response and bubble- 
tight sealing are outstanding features 
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INSTRUMENT BALL BEARINGS 


Newest addition to a line of instrument 
ball bearings is a size No. 814 thin 
section instrument ball bearing (Bore 
2500 in; O. D. .5000 in: Width .1250 
or .1875. The MPB 814 bearings are 
available in both 440-C stainless steel 


Valve body is anodized aluminum and 
moving parts are stainless steel. with 
Hycar seals. 

Solenoid pilot, with coils for a-c or 
d-c, any voltage, is built to JIC Stand- 
ards. Manual 


over-ride and integral 
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junction box are optional features, The 
santam 4-way valves are designed for 
2-point mounting. They may be used 
with pressures from 15 to 140 psi. All 
ports are tapped 44 in. NPT. Valvair 
Corp.. 154 Morgan Ave., Akron 11, 
Ohio 
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CLUSTER ARM 
MINIATURE SWITCHES ca 


Miniature switch with a multifinger sil- 
ver alloy cluster arm attached to the 
rotor can be obtained with the basic 
24 or 32 finger cluster assembly sup- 
plied in varying configurations. For 
example: Switch may be obtained with 
trom 2 to 12, or 2 to 16 fingers for 
progressively shorting applications and 


with 23 or 31 fingers for circuit open- 
ing applications. The cluster arm switch 
assemblies may be ganged with conven- 
tional decks. They require the same 
space, and have the same mounting as 
the regular line of switches. 
Applications include ammeter and 
voltmeter switching, capacitance dec- 
ades, sequential load substitution, and 
sequential a-c or d-c power substitution. 
Shallcross Manufacturing Co., Colling- 


dale, Pa. 
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MINIATURE CLUTCH IS 
ELECTRO-MAGNETICALLY 
OPERATED 


Instantaneous, positive engagement 
and release of loads up to two |b/in. 
(static-torque rating), is provided by 
a new electro-magnetically operated 
miniature clutch. The unit is designed 
for use on low-torque drive of instru- 
ments and miniaturized control mecha- 
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PROTECTED 
SERVICE 


UNPROTECTED 
SERVICE 


TRANTEA 
TAPE 


—____ seals against air, moisture, 
—— electrolysis and chemicals that 
cause corrosion 


Protects ABovE AND BELow Grounp— pipes 
and connections, valves, motor leads, metal surfaces. 


Corrosion menaces every plant. TRANTEX 
pressure sensitive tape prevents corrosion . . . 
reduces maintenance by lengthening the life of 
pipes, fittings and metal surfaces. 

The tight holding adhesive and tough vinyl 
film backing of TRANTEX provide long-term 
protection. It is designed for fast application 
by hand—even in hard-to-reach places. TRAN- 
TEX seals completely, stretching to conform 
to irregular surfaces. TRANTEX always strips 
clean without delaminating; this is due to our 
patented process for bonding adhesive to film. 
No one knows better than you where this versa- 
tile tape will work in your plant. 


$T TRANTEX TAPE 
SUR COMPLIMENTS 


WRITE TODAY for your sample roll. We'll send you 
enough for an adequate test. Prove hw TRANTEX 
can fight corrosion in your plant. 


Johns-Manville 
DUTCH BRANL 


: 
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7800 WOODLAWN AVENUE + CHICAGO 19, ThL 





promel 


ENGINEERED 
BRONZE BEARINGS 


Lony" 
‘» Your WO. °C, 


So certain that the formula developed 
specifically for your bearings, bushings and 
wearing parts will be absolutely correct, American 
Crucible guarantees longer, trouble-free service or money refunded. 


The customer's opinion is final. 
Write for free literature and service data sheets or send 
prints and conditions of operation for recommendations 
and quotations. No obligation. 


Recattiane asl a 


1365 Oberlin Avenue 


PRODUCTS CO. 


Lorain, Ohio, U.S.A. 


“7ée TIMER RELAY 


that handles all controlled 
timing problems... 


This steel clad, factory set, tamp- 
er proof Durakool timer-relay is 
practically non-breakable. Oper- 
ating life multiplied 5 to 6 times 
by new plunger construction fea- 
tures. Combinations of operate- 
release time delays from 0.15 
sec. to 20 sec.—either normally 
open or normally closed action. 


Durakool 


Soi Ol SME te 


COIL 
ENERGIZED 


% No false contacts MB L/j 

% Non sticking / colt 

% Practically ‘fail safe" f DE-ENERGIZED 
% Low cost timer 


See telephone directory for 
local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 
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nisms. Axial length of the unit is only 
7% in. and diameter is 14 in. 

No slip rings or brushes are required 
for the SF-100 clutch since the flange- 
mounted field is connected through pig- 
tail leads to a 28- or 90-volt d- 
source. In the clutch, torque is trans- 
mitted through the rotor to the arma- 
ture which may be keyed to the driving 
or driven member. Power required is 
6 watts max. 

Mounting requirements for the 
flange-mounted unit are extremely 
simple. All that is required are four 
holes for 4, in. capscrews, equally 
spaced on a 1-5/16 in. bolt circle. War- 
ner Electric Brake & Clutch Co., Indus- 
trial Div., Beloit, Wis. 
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LOW-SPEED AIRCRAFT 
MOTOR FOR FANS, PUMPS 


Now available is a 5500 rpm, 8-pole 
aircraft motor for airborne fan, pump 
and actuator applications. Of the in- 
duction type. the motor operates on 3- 
phase. 400 cycle. 200 volt a-c and de- 
livers 4% hp continuously to 50,000 ft 
altitude. Motor weight is only 414 lb. 

The motor, type A, is flange-mounted 
to the driven equipment and provided 


with either an extended shaft for heat- 
exchanger fan duty or a standard shaft 
for pumps and actuators. Pads are fur- 
nished on the side of the motor for 
mounting accessories. Aircraft Div.. 
U. S. Electrical Motors Inc., Box 2058 
Terminal Annex, Los Angeles 54, Calif. 
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0.9-MIL CAPACITOR- 
GRADE INSULATING 
MATERIAL 


Developed specifically for various types 
of capacitors, Isomica and Samica, 
micaceous insulating materials, are now 
available in thicknesses as fine as 0.9 
mil. (This is in addition to the 2 mil 
and 1.5 mil sizes previously available.) 
Possessing technically controlled elec- 
trical properties, Capacitor grade Iso- 
mica is impregnated with selected high 
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YOU CAN RESERVE AIR FREIGHT SPACE 
ON ANY FLIGHT IN THIS TIMETABLE 


acon at 
4B<COMPLETE Semen i+ 
eee AS 


sees We. 


On United, you can reserve Air Freight space the same way 
you reserve passenger space—and on any of 900 daily flights! 


The same United timetable you use to get places 
quickly and comfortably can be used to schedule large 
or small Air Freight shipments (from pounds to tons). 

Air Freight moves on all United flights. And United 
will reserve space for your shipment on whatever flight 
you select. 

This is called “Reserved Air Freight.” It’s United’s 
way of handling Air Freight shipments with all the 
speed, frequency and schedule dependability of regu- 
lar passenger service. In fact, United will even pick 
up and deliver your shipment. 

To guarantee the space you need on the flight you 
want, you simply call United’s local Air Freight office 
three hours or more before flight time. They'll clear 
and hold the space for you. 

No other airline does so much to make shipping so 
fast, so easy, so dependable. And at rates you'll find 
pleasantly surprising. 


Door-to-door service 


SHIP FAST...SHIP SURE... SHIP EASY 


Atnas 6 WESTBOURNE 


“=o 


 & 
om 
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Examples of United’s Air Freight rates 

per 100 pounds* 
CHICAGO to CLEVELAND ssi Ti le eta . $4.78 
Pewe Wee OO EPEC TICNS «ow ea ee wee vss SS 
ERT ASUPE ke 6 Shes SS es Gow & ae Me 
GENS tae WLOG ANGELES ££... we swe ew ee BOO 
PHILADELPHIA to PORTLAND . . 24.15 
SAN FRANCISCO to BOSTON . 27.00 
*These are the rates for many commodities. They are often lower for larger ship- 


ments. Rates shown are for information only, are subject to change, and do not 
include the 3% federal tax on domestic shipments. 


Kansas City 


Los Angeles \ 
San Dvego 


UNITED 





For service, information, or free Air Freight booklet, call the nearest United Air Lines Representative 
or write Cargo Sales Division, United Air Lines, 36 South Wabash Avenue, Chicago 3, Illinois. 


ae 
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This space free for 
other controls when 
Push-Lite is used. 


JEW PUSH-LITE* 
SAVES HALF 
THE SPACE 
AND REDUCES 
COST 


Using both a pushbutton and indicating 
light on one operation will soon be old- 
fashioned. In fact, it’s a waste of money 
and space because one new Push-Lite 
unit will do both jobs. 

The new unique Push-Lite with its 
button-shaped plastic lens combines the 
functions of both a pushbutton and 
indicating light. One push transmits the 
appropriate signal and, at the same time, 
energizes the indicating lamp. 

Push-Lites are liquid-tight as are other 
operators and lights in the Westinghouse 
Oil-Tite* pushbutton line. Precision- 
machined fits and neoprene seals will not 
allow liquids to reach electrical parts. 

For more information about Oil-Tite 
pushbuttons ask for the new booklet 
(B-7022) or the 72-page Pushbutton Guide 
(B-6749), a catalog of all Westinghouse 
pushbuttons. Write to Westinghouse 
Electric Corporation, P. 0. Box 868, 
Pittsburgh 30, Penna. or call your local 


*Trademark 


Westinghouse distributor. }-30253 


you CAN BE SURE...1F iTS 


17 ° 
Westinghouse 
C UENO USC 


temperature silicone resins. Essentially 
the same material but without the res- 
ins, Samica can be impregnated by the 
user. 

Capacitors using these materials are 
designed for operation at higher tem- 
peratures, presently up to 550 F, thus 


| permitting a reduction in size of the 


finished capacitor. In stacked capac 
itors, these materials replace mica film- 
with a consequent reduction in mater 
ials and labor costs. Mica Insulato: 
Co,., Schenectady, N. Y. 
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ALUMINUM FOIL TAPE WITH 
SILICON ADHESIVE 


Pressure-sensitive aluminum foil tape 
with silicone adhesive, No, 7402 Alu- 
minum Foil Tape, has a 2- mil annealed 
foil backing and a completely inorganic 
silicone rubber adhesive. A holland- 
cloth liner allows easy dispensing. Tem- 
perature range:—from 100 to 550 F 


(In actual applications the tape has 
performed satisfactorily at temperatures 
in the range of 1000 F.) This wide tem- 
perature range makes 7402 Tape ideal 
for aircraft and missile applications as 
well as for appliances. Mystik Adhesive 
Products, Inc., 2635 North Kildare 


_ Ave., Chicago 39, Ill. 
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| ROTARY HYDRAULIC 

| ACTUATOR FOR HIGH- 
| PERFORMANCE SERVO 
| APPLICATION 


Novel design results in a rotary hy 
draulic actuator configuration suitable 


| for use in precision positional control 
| servo systems at fluid supply pressures 
| in the 3000 to 4500 psi range. The 
| Servotorque Rotary Hydraulic Actu- 
| ator offers static breakaway friction of 


less than 1 per cent of maximum stall 


| torque, low internal leakage and mini- 


mum load coupling compliance. Con- 


| struction minimizes structural redun- 


dancy through the use of cylindrical 
elements captively located in receptive 
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Pin receptacle made of Duraflex 
hard temper, in strip form, at left, 
as fed into the automatic wire ter- 
minotor. Finished form above. 


i 
y 


Flag “‘Faston,” a receptacle for 
.250” x .032” flat tabs, made of 
Duraflex—hard temper, 


Connector for splicing coil wind- 
ings to stranded lead wires in her- 
metically sealed refrigeration mo- 
tors, made of Duraflex. 


For solderless electrical connections that are sealed in 


AMP Incorporated turned to 


Electrical connections inside a 
sealed refrigeration unit are not 
easy to service. So, for long, trouble- 
free operation, it is essential to use 
superior materials. 

AMP Inc., Harrisburg, Penna., is 
one of the leaders in the develop- 
ment and manufacture of solderless 
wiring devices. For their connectors 
to be used in refrigeration service 
they turned to Duraflex, Anaconda’s 
superfine-grain Phosphor Bronze 
with superior endurance limit. 


The superfine-grain structure of 
Duraflex offers greatly improved 
fatigue resistance and formability 

. and a finer, harder, smoother 
surface. It provides the extra resili- 
ence and strength for constant and 
enduring contact pressure essential 
in this type of connection. It also 
offers high resistance to corrosion 
by the moisture-absorbing additive 
in refrigerant, plus, of course, good 
electrical conductivity. 

Duraflex is a premium product— 
yet it costs no more than ordinary 
phosphor bronze. Find out for your- 
self how Duraflex can help you cut 


costs, make a superior product. It is 
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produced in sheet metal up to .062 
thick and in wire up to es” diam- 
eter. Write today for free samples 
you can test—specifying gage and 
temper. Address: The American 
Brass Company, Waterbury 20, 
Conn. In Canada: Anaconda Amer- 
ican Brass Limited, New Toronto, 
Ontario. 


The New Superfine-Grain Phosphor 
Bronze with Greater Endurance Limit 


An A N ACON pA Product 



















INSULATING 








semicylindrical grooves for both the 
stationary and moving vanes. Cylindri- 
cal vane members supported uniformly 
along entire length are unrestrained 
rotationally for surface. wear distri- 
bution. Design configuration minimizes 
load induced structural distortion and 
permits effective sealing at both the 
stationary and moving vanes despite 
pressure induced radial expansion of 
the stator. 









INSULATING 


Device is offered in sizes ranging 
from 100 I|b-in. to 6000 Ib-in stall 
torque (rated at 3000 psi supply pres- 
sure). Aviation Div., Kelsey-Hayes Co.. 
Detroit 32. Mich. 
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3-POLE AND 4-POLE 
A-C CONTACTORS 


New 3-pole (Type 48KXX) and 4-pole 
(Type 48LXX) a-c contactors are sin- 
gle-unit versions of the S-D Type 
I75KXX mechanically interlocked re- 
versing contactor. Well suited for 
“built-in” control, these now contactors 
find 


Ee 























wide use in the control of a-c 












..-you can’t beat H & V Paper 


Low in cost, high in performance . . . 
paper offers you both. In addition, 






Tag Stocks 
“@ 


Filter Papers 


EP 


Wallet Papers 







you can get more variety in weights, 
thicknesses, sizes, stiffness, and insulating 


properties than you would believe possible. a <4 







motors. solenoids, heaters and other 
loads. Singlethrow double-break con- 
tacts are individually sprung to main- 
be your reward. tain contact alignment. 

Contacts are of fine silver in mel- 
amine arc chutes and afford a generous 
safety factor under high overload con- 


Look over the many advantages 


of paper — lower costs will 


a 














Structural Papers 


HOLLINGSWORTH & VOSE ditions. 
COMPANY All coil and contact terminals are 
East Walpole, Massachusetts readily accessible from the front for 


easy installation, even with heavy-gage 
wire. Heavy mounting plates offer rigid 


MANUFACTURERS OF TECHNICAL AND INDUSTRIAL PAPERS 
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DESIGNING HEAT INTO YOUR PRODUCT? 


G-E Heaters Can Be Formed to Your Exact Design; 
Big Selection Saves You Design and Production Time 


HEATING LIQUIDS 


SIMPLIFIED DESIGN and easy in- 
stallation benefit maker of cement 
tester, who chose sturdy, flexible 
G-E tubular heaters. 


HEATING SURFACES 


FLEXIBLE BUT RUGGED G-E tubu- 
lar heaters are chosen by tire- 
retreader manufacturer after test. 
Other makes broke when formed. 


ATING PROCESS AIR” 


—_—— : age 


RAPID INSTALLATION is one 
benefit of uncomplicated design. 
Designer used straight-length tu- 
bular heaters in pre-heat oven. 


SPACE LIMITATION is easily overcome with 
General Electric tubular heaters, which can 
be formed readily to practically any shape .. . 
without danger of breaking. 


GENERAL ELECTRIC tubular heaters bend easi- 
ly to the curved shape of tire retreader. 
Heaters are inserted into grooves in heating 
plate to gain maximum heat transfer. 


COMPACT DESIGN of pre-heat oven is possible 
with inside-mounted General Electric tubular 
heaters, which replaced outside, top-mounted 
heaters formerly used. 


G-E TUBULAR HEATERS simplify 
tester use. To begin test, operator 
need only plug in tester, load spec- 
imens, and turn on switch. 


- — 


. (re 


oe 


EXACT HEAT required for top- 
quality retreading of huge truck 
tires is achieved with high-efficiency 
General Electric heaters. 


UNIFORM HEAT throughout oven 
combines radiation and convection, 
since tubular heaters are mounted 
inside oven chamber itself. 


Section D723-9, General Electric Company, 
Schenectady 5, N. Y. 


FREE 1957 CATALOG 


ae ieee ae 60-page Catalog of General Electric heaters and 
heating devices—describes full line. Also provides 
helpful application data. GEC-1005 


Street 


eee GENERAL @@ ELECTRIC 





Doing it 
‘Yourself ? 


it’s Easier to 
Standardize on 


Jeffers RF. 
Choke Coils 


You can eliminate tedious, 
expensive hand assembly from 
miscellaneous forms and wires 
by using completely assembled 
standard Jeffers R. F. choke 
coils. You will save time, labor 
and money by stocking the 
broad range of Jeffers coils 
just as you do resistors, 
capacitors and other similar 
electrical components. 


Jeffers coils are made of high- 
est quality materials... using 
insulated copper wire wind- 
ings encased in husky molded 
jackets. All windings are 
soldered to leads... no chance 
of shorted end turns. 


Enjoy the benefits of superior, 
standardized components in 
your circuits. Jeffers Elec- 
tronics offers you a full line 
of R. F. choke coils with a 
complete range of inductance 
values...ready for immediate 
delivery. Write today for our 
specification sheets. 


Other Jeffers Products 
fixed composition capacitors 
Other Speer Products 
for the Electronics Industry 
anodes * contacts * resistors 


discs « brushes * molded notched® coil forms 
battery carbon * graphite plates and rods 


*Patented 


JEFFERS ELECTRONICS 
DIVISION 
SPEER CARBON COMPANY 
Du Bois, Pennsylvania 
Other Speer Divisions: 
Speer Resistor, Speer Carbon Products, 
International Graphite & Electrode 


support and resist twisting or tortional 
strain which might cause misalignment. 

Contacts are conservatively rated at 
15 amp standard a-c voltages to 600 
volts. Horse-power ratings range from 
3 hp for 440/550-volt service and 2 hp 
for 110/220-volt 2- and 3-phase service; 
to 1-4 hp for 230-volt and 1 hp for 
115-volt single-phase service. Struthers- 
Dunn, Inc., Pitman, N. J. 
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LOW-NOISE CHOPPER FOR 
DRY-CIRCUIT SERVICE 


Miniature, precision, non-resonant in- 
verter, The Syncroverter Switch, is now 
available in an exceptionally low-noise, 
external coil model for dry-circuit ap- 
plications. This chopper has been de- 
signed to eliminate the problem of 


capacitive coupling between contact and 
coil leads which exists in the operation 
of miniature choppers in high imped- 
ance circuits. 

The new external coil chopper offers 
complete electrostatic shielding between 
contact and coil leads. Resulting peak- 
to-peak noise levels are less than 100 
microvolts across a 1 megohm im- 
pedance. Coil excitation leads extend 
above the top of the envelope or case, 
at the opposite end from the contact 
terminals. The chopper is offered with 
spdt switch action, with nominal con- 
tact ratings up to 10 volts, 1 ma. It is 
approximately 1-34 high and 7% in dia. 
The Bristol Co., Waterbury 20, Conn. 
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COATING FOR VACUUM 
METALIZING ON METALS 


Top coat for vacuum metalizing all 
types of metals, M-241, is a sprayed 
and baked material, claimed to impart 
a mirror like brilliance. The hardness 
of this coating is between 7H and 9H 
pencil hardness. Abrasion resistance 
48% better than average lacquer type 
coating used in vacuum metalizing. The 
humidity resistance equals 1500 hr at 
110 F., 100% RH. Upon exposure to 


GUDEBROD’S 
MANY 
LACING 
TAPES 
MEETS 
YOUR 
SPECIFIC 
REQUIREMENTS 
OR WE’LL 
MAKE ONE 
THAT WILL! 


Gudebrod flat braided lacing 
tapes hold harness securely— 
no bite-through or slip, yet are 
easy on the hands. Some resist 
high temperature, some are 
color-coded ... and they come 
wax-coated or wax-free . . 

rubber-coated . . . or with spe- 
cial coating. Gudebrod makes 
many tapes for many pur- 
poses, including defense work. 
Send us your lacing problems 
or your specifications . . . we 
can supply the answer to both. 


GUDELACE +» GUDE-NYLACE 


(GUDELACEH + TEFLACE 


GUDEBROD BROS. SILK CO., INC. 


ELECTRONICS DIVISION 
225 W. 34th St., New York 1, N. Y. 


EXECUTIVE OFFICES 
12 South 12th St., Philadelphia 7, Pa. 
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HOW TO ADD TO THE 


saleability 


OF MANY ELECTRICAL PRODUCTS 


. Instruments 
. Appliances 
-Small Motors 
.Radio, TV, 
Audio Equipment 


TO ENGINEERS, Stackpole Slide Switches in more than a dozen in- 
expensive types offer many interesting design possibilities for improv- 
ing product performance. 


TO BUYERS of today’s instruments and appliances, the convenience 
of unique and attractive modern switching arrangements exerts strong 
sales appeal that far exceeds the modest cost involved. 


Stackpole Slide Switches cover the 14 to 3 ampere range. They vary 
from simple ON-OFF units to types that provide complicated inter- 
circuit switching in minimum space—often with less costly mount- 
ings than conventional switches. Electronic Components Division, 
STACKPOLE CARBON COMPANY, St. Marys, Pa. 


STACKPOLE 


S-L-I1.D-E SWITCHES 


New SLIDE SWITCH DATA 


Stackpole Bulletin RC-10D — just out — gives 
complete ratings, dimensions, modifications, 
and other specifications for all standard Stack- 
pole Slide Switches. Write for your copy or 
"see your local Stackpole representative 


KEY TO CONTACT ARRANGEMENTS 


ease aa | 
POSITION 2 Co 
ate gre) be. eas 
POSITION 4 geeees 
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guarantees cool summers 


Four huge 27’ long KIRK & BLUM ovens assure efficient dehydration 
of air conditioning units at WESTINGHOUSE ELECTRIC CO., 


Staunton, Virginia. 


The ovens are steam heated to 300° F., re-circulating, 
automatically controlled. Galvanized steel construction 
resists moisture action. Thick fiberglass insulation mini- 
mizes heat loss. There is no external ductwork, except 
exhaust stacks through roof. 


Large console cooling units can be accommodated, since 
the automatically operated vertical oven doors are 5’ x 8’. 


For every oven need, consult KIRK & BLUM. Write 
for new “‘Ovens for Industry” catalog. The Kirk & Blum 
Mfg. Co., 3122 Forrer St., Cincinnati 9, Ohio. 


RK: HLUM 


ultra violet light, the coating shows no 
tendency to yellow or darken, Logo, 
Inc., 12933 South Stony Island Ave., 
Chicago 33, Ill. 
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REDUCER FOR FHP MOTORS 
OFFERS 19 RATIOS 


Speed reducer for  fractional-horse- 
power motors offers an inexpensive so- 
lution to the problem of obtaining any 
of the following speed reduction ratios: 
1531, -20:1,, 30:1,. 48:1, . 60:1,.. 225;1, 
300:1, 400:1, 450:1, 600:1, 720:1, 900:1, 
960:1, 1200:1, 1440:1, 1800:1, 2304:1, 


2880:1, 3600:1. Available from stock in 
the first five ratios, these reducers may 
be paired in 14 different combinations to 
produce the additional ratios indicated. 

The unit combines a precision molded 
nvlon gear with a precision machined 
steel worm. Bearings are of sintered 
bronze. Any model can be furnished 
with either solid or hollow low-speed 
shaft. Molded polyester case is de- 
signed for rough duty. Dimensions: 
25g in. wide, 13g in deep, 3% in. 
high. Rampe Mfg. Co., 14915 Wood- 
worth Ave., Cleveland 10, Ohio. 
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SUBMINIATURE RELAY FOR 

PRINTED-CIRCUIT SERVICE 

Subminiature relay with lug arrange- 
ments for use on printed circuits is of 
approximately the same sensitivity as 
the standard MR relay (it can be ad- 
justed for as low as 10 milliwatts pull- 


MAY 1957 ELECTRICAL MANUFACTURING 





CTC family of kollet knobs makes set screws unnecessary 


use. Circumferential pressure on shaft eliminates scoring or marring. Tremendous holding power whether on shafts of soft brass, aluminum 
stainless steel. Kollet knobs left to right for '," shaft, '3" or 4" and '4" or 4". 


unique locking device gives them firmer holding power under vibration and continued 


or 


Three who'll dress to please you 


CTC’s family of kollet knobs is care- 
fully made of prime materials, as are 
all CTC components. And they have 
this added feature, being in the open as 
they are: They’re good-looking and 
adaptable. 

Made of molded Tenite II in matte 
finish their metal face plates snap into 
place, completing the design and cover- 
ing the kollet locking device. You have 
a choice of ten color inserts for instru- 
ment panel coding, and can have the 
knobs with or without skirts or indi- 
cating lines. 

Reliability is the key characteristic 
of every component CTC makes. Every 
component is unconditionally guaran- 
teed in quantities from one to millions. 
Other CTC components include coil 
forms, coils, terminal boards, terminals, 
diode clips, insulated terminals and 
hardware. 

For sample specifications and prices, 
write now to Sales Engineering Dept., 


Cambridge Thermionic Corporation, 
453 Concord Ave., Cambridge 38, 
Mass. West Coast stocks maintained 
by E. V. Roberts Associates, Inc., 5068 
West Washington Blvd., Los Angeles 
16, and 61 Renato Court, Redwood 
City, California. 


CTC Panel Hardware meets or betters govern- 
ment specifications. Typical quality hardware 
shown: oval handle, adjustable handle, folding 
handle, thumb screw, plug and jack, shaft lock. 
Other quality hardware includes battery clips, ter- 
minal boards, diode clips, dial locks. Variety of 
finishes available. 


CAMBRIDGE THERMIONIC CORPORATION 


makers of guaranteed electronic components 
custom or standard 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





New High-Temperature UNION AC Relay rated 
from -65° C. to 125° C., 115 Volt, 60 to 400 
cycles. Suitable for airborne circuits, including 
jet planes and missiles. 


Miniature relay applications are get- 
ting hotter all the time—and many of 
them call for self-contained AC relays. 

To meet these needs, UNION has de- 
veloped AC relays incorporating silicon 
rectifier assemblies. They’ll withstand 
temperatures from -65° C. to 125° C. 
The size is the same as the 85° C. 
UNION AC Relay. 

New Hi-Lo Contacts, too! These 
contacts permit switching loads of two 
amperes or dry-circuitry level in the 
one relay. Or, you can get gold alloy 
contacts for dry-circuitry use. 


GENERAL APPARATUS SALES 


OTHER ADVANTAGES 


Vibration resistance up to 1,000 cycles at 15 
G's and shock in excess of 50 G's. 


Life expectancy. Tested through 1,000,000 
operations. 


Coil resistance. 3,700 ohms. 


Small size, lightweight. Measures only 4%” 
higher than our DC relays and weighs about 5 oz. 
All other construction features are the same as the 
DC relay. 


Types and Mountings. Available in 6 PDT or 
4 PDT models, plug-in or solder-lug connections 
and all the usual mountings. 

Meets or exceeds all requirements of MIL-R-5757-C, 
MIL-R-25018, and MIL-R-6106B. 

Write for complete information. Ask for Bulletin 
1012, 


UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE 


COMPANY 


PITTSBURGH 18, PENNSYLVANIA 


in). The new relay is equipped with 
solid brass terminals, plated or non- 
plated as desired, with sufficient free 
length beyond the surface of the ter- 
minal board on the relay to facilitate 
connection in the circuit without inter- 
ference. Contacts, which are of fine 
silver, or of a suitable noble metal al- 
loy, are of especially designed form, to 
give the maximum stability of adjust- 
ment. They will permit upwards of 25 
watts of power control for noninductive 
applications. The capacity of the con- 
tacts for inductive loads is suitable de- 
rated. The Jaidinger Mfg. Co., Inc.. 
1921 W. Hubbard St., Chicago 22, Ill 
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GOLD BONDED GERMANIUM 
DIODE HAS HIGH CON- 
DUCTANCE; CONTROLLED 
VOLTAGE DROP 


High conductance gold bonded ger- 
manium diode, Type DR385, with 
controlled voltage drop, features ex- 
tremely high forward conductance. At 
10 milliamp the voltage drop is con- 
trolled between 0.34 and 0.37 volt. 
The reverse characteristics of the 
DR385 at 10 volts is 1 megohm, with a 


peak inverse voltage of 60 volts. It 
exhibits fast transient response. The 
diode is offered in a hermetically sealed, 
glass encased subminiature package. 

The diode’s extremely low forward 
voltage drop and other features make 
it useful in transistorized equipment, 
including computers. Germanium and 
Silicon Products Div., Radio Receptor 
Co., Inc., 240 Wythe Ave., Brooklyn 
ne 
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STAINLESS STEEL SOLENOID 
VALVE IS BUBBLE-TIGHT AT 
5000 PSI 


Solenoid valve that is absolutely bub- 
ble-tight even at 5000 psi working pres- 
sure is designated Type SBTDW. The 
valve is a small, direct lift, angle type 
machined from 316 stainless steel bar 
stock. This construction provides ex- 
ceptional corrosion resistance. Newly 
designed Teflon seat eliminates metal- 
to-metal seal and assures bubble-tight 
operation even with such elusive gases 
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Synchronous Speed 
with Induction Simplicity 


MORE 
Motor Pioneering by Allis-Chalmers makes 
constant speed sure and inexpensive 


Constant speed from no load to pull-out regardless of load and volt- 
age fluctuations. . . simple across-the-line control . . . fixed speed ratios 
for a group of synchronized drives... high power factor... high effi- Have You 
ciency — every one of these characteristics is included in the greatest An Application Requiring: 
motor design advance in years, the SYNDUCTION MOTOR. . . . 
Here is a motor that combines the simple dependability of squirrel- oe speed; 2. seen of several 
; : motors at fixed speed ratios; 3. adjustable 
cage construction with the constant speed advantage — and none of speed with minimum variation at any speed 
the complications — of other types of synchronous designs. setting? If so, Allis-Chalmers invites your in- 
Available in all squirrel-cage enclosures and in ratings from 1, to 


: quiry. Contact your nearby A-C office or 
40 hp, the Synduction motor means new operating economies at lower write Allis-Chalmers, General Products Divi- 
initial cost in many industries. sion, Milwaukee 1, Wis., for Bulletin 51B8440. 


Synduction is an Allis-Chalmers trademark 


ALLIS-CHALMERS 





for fast arc interruption... 
without blowout coils 


Arc across contacts as Strong blowout action 
they start to open. forces arc to center. 


Arc rupturing. Contacts fully open— 
arc extinguished. 


Simplified mechanical design 


@ Streamlined clapper-type construction elimi- 
nates many parts. 


@ Accessibility simplifies maintenance and 
inspection. 


@ installation is fast and easy . . . sensible en- 
closure dimensions provide ample wiring space. 


ACBO is an Allis-Chalmers trademark. 


ALLIS-CHALMERS 
TYPE 425 CONTROL 


featuring ACBO arc-centering 
blowout chutes for 50 to 400 hp 


The advanced electrical design of Allis-Chalmers Size 
4, 5 and 6 control incorporates a modern principle of 
arc interruption for low voltage, high horsepower ap- 
plications. The ACBO arc chute utilizes principles 
of magnetic action and thermal convection to center, 
rupture and extinguish the arc . . . quickly. Fast arc 
interruption assures maximum contactor efficiency, 
improves performance — greatly prolongs contact 
and chute life. 


A type for 
any application 


Type 425 control offers a wide selection of starters 
and contactors for any application. For detailed 
information, call your A-C Control Distributor or 
your local A-C District Office . . . or write Allis- 
Chalmers, General Products Division, Milwaukee 
1, Wisconsin. Ask for Bulletin 14B8615. 


A-5343 
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as helium, nitrogen and carbon dioxide. 
Suitable for service over a wide-tem- 
perature range, Type SBTDW is well 
suited to applications where high pres- 
sure is combined with relatively little 
flow. Its direct-lift action provides 
instantaneous opening and closing even 
with viscous fluids. Pipe sizes: % in. 
and % in. with %¢ in., *%2 in., % in. 
or 46 in. port sizes. Port size is deter- 
mined by maximum pressure applied 
plus fluid viscosity. The 5000 psi rat- 
ing, for example, is for air or gases 
with %g¢ in. port. Coils are available in 
any voltage desired. Atkomatic Valve 
Co., Inc., 545 West Abbott St., Indian- 
apolis 25, Ind. 
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ILLUMINATED OILTIGHT 
PUSHBUTTON COMBINES 
INDICATING LIGHT AND 
PUSHBUTTON 


Illuminated oiltight pushbutton, com- 
bining in one unit the functions of both 
a pushbutton and an indicating light, 
makes possible a substantial saving in 
panel-control space. 

The device can be panel-mounted or 
back-mounted, according to company 


an a A 
€ . 4 , r ¥ 
engineers. Designated CR2940UW, the 
new illuminated oiltight pushbutton 
has transformers rated for either 110-, 

220- or 440-volts, 60 cycles. 

The pushbutton unit’s transformer is 
built for extended life and provides the 
safety of a completely insulated sec- 


ondary winding. It is potted in permafil 
compound for additional strength and 
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To be certain of smooth uninterrupted sintered 
contact production, rely upon the high degree 
of uniformity that is a warranted feature of all 
APW Silver Powders. 

APW processes also assure precise conform- 
ity to your specifications—absolute duplication 
of properties through every production batch— 
lab test procedures and certification for bulk 
density, flow, purity and screen analysis. 

Our facilities for the production of silver 
powders, wire and strip made from sintered 
mixtures to your specifications, are modern 
and extensive. Service is excellent. 


ENGINEERING SERVEGEs 


APW engineers are available for consultation 
and to aid in the development of special alloys 
and forms when required. We are pleased to 
offer this service. Do callus. * * * * 


Established 1875 
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A PARTIAL LIST OF 
INDUSTRIAL SILVER PRODUCTS 


SILVER-PALLADIUM ALLOYS 


SILVER POWDERS 
(Up to 99.99% pure) 


SILVER SOLDERS AND 
BRAZING ALLOYS 


SILVER ANODES 
(Extruded or rolled) 


SILVER SINTERED METALS 
SILVER WIRE 
SILVER STRIP 
SILVER FOIL 
SILVER CONTACT ALLOYS 


SILVER ALLOYS TO 
SPECIFICATION 


resistance to mechanical damage or THE AMERICAN PLATINUM WORKS 
abuse. The strongbox transformer is 


the same size as the heavy-duty oiltight | 231 NEW JERSEY RAILROAD AVENUE * NEWARK 5, N- J. 


contact block, which is the same uni- | ENGELHARDO I/NOUSTRIES 
' 
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versal contact block used in conven- 


.... Investigate MILLER-HARRIS |) ov 


Pushbutton units may be obtained in 


ELECTRIC TIME CONTROLS | either guarded or unguarded form. 


Color caps providing all-angle visibility 
to make your product automatic | are available in six colors: red; green; 


amber; white; blue; clear. General 


improve performance — lower Electric Co., Schenectady 5, N. Y. 
costs — increase saleabiiity. Circle No. 47 on Reader-Service Cards 


preceding back cover 
More than 30 MILLER-HARRIS models available. Modifica- 
tions or combinations of existing units often provides special, 
new applications with minimum delay and tooling cost. Pro- 
duction facilities with capacities of thousands of timer units 


Series 123 SILICON VOLTAGE 

Clothes D 

— REGULATORS 
Three new series of voltage regulators, 
designed to satisfy a full range of 
power requirements, are available with 
ratings of 250 mw, 75 mw and 10 
watts, and are encapsulated in small 


\ 


- j 
Series 110 Series 116 Model 5P Series 100 \ 
Pushbutton Timers Appliance Timers Portable 24 Hour Repeat Cycle ‘ 
Time Switch Timers \ 4 
, Write for \ ‘ / 
<a C \ | 
: ; \ 
\ ; 


Illustrated / 
Brochure \ 


Model 148 Series 103 \ / 
Defrost Control Sequence Timers 


hermetically sealed axial mounting 
packages. 

All classes have standard types cov- 
ering the voltage range 4.3 to 27 volts. 
Close tolerance and higher voltage reg- 
ulators are available in assemblies. 


“ Transitron Electronic Corp., Wakefield, 
Pre-calibrated Sees. 
7 Circle No. 48 on Reader-Service Cards 
THERMOSTATS preceding back cover 
_and MOTOR 
PROTECTORS A-C SENSITIVE RELAY WITH 


TRANSISTOR AMPLIFIER 


A-c sensitive relay with transistor 
amplifier is designed to resist vibra- 
‘ tion, corrosion and shock. Standard 
Increase Speed and Ease in unit features include a_ two pole, 
Production Line Application double throw plug-in relay protected 
Custom-fit uniformity of “Temp- by a clear polystyrene dust-proof cover; 
Guard” thermostats assures ease in a long life plug-in transistor amplifier 
production line application. Leads 
or terminals to your specification Sas 
assures new production line speed — 
and efficiency. Many modifications 
of standard models — if one of these 
doesn’t serve your requirements, we'll 
design one that will. 
Write now for Dales’ New Engineering 
Brochure. For emergency engineerin 
assistance on temperature contro 
problems, the Cessna 180 shown at left 
will bring Dales’ Engineers to your 
nearest airfield. 


THE FRANKLIN DALES CO. 
Temp-Guard 


609 EAST OGDEN AVE. @® MILWAUKEE 2, WIS. 





gh 


Thermostats 
180-184 East Mill Street, Akron. Ohio 
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When measuring high limits 
DON’T | 


turn fixed gage onto screw 


turn ‘screw into gage with a 
conventional wrench 


turn screw into gage holding 
head by 2 fingers to insure 


When gaging gages 


DON'T ise handle on set plug 
Pe when setting fixed gage 


ey 


DO turn plug by the shank with 2 
on —“<=——"|_ fingers to insure correct torque 


check variable gage for ex- 
cessive play 


These illustrations from new SPS booklet show some of the do’s and don’ts of gaging precision threads. 


3A threads: what they are; how to 
gage them— new SPS booklet tells all 


Threads made to Class 3A fit are the most precise in general 
use in industry. But you do not always get the 3A precision 
you specify. Because of many different gaging techniques that 
yield varying results, screws with threads well outside the Class 
3A tolerance limits often pass inspection. 


SPS has prepared a new booklet on this subject. It explains 
clearly what Class 3A threads are and the pros and cons in- 
volved in the widely varying gaging techniques in use today. It 
reviews the gaging of high and low limits of 3A threads, sam- 
pling techniques, and even the methods of gaging gages. 


All standard UNBRAKO socket screw products fall within 
specified tolerance limits no matter what method is used to gage 
them. Leading industrial distributors carry complete stocks. 
Unbrako Socket Screw Division, STANDARD PRESSED STEEL 
Co., Jenkintown 9, Pa. 
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Form 2239, “Class 3A Threads: what they 
are; how to gage them.” 16 pages, with 
many illustrations. Write for free copy today. 


STANDARD PRESSED STEEL CO. 


a 
UNBRAKO socker screw DIVISION $ 


JENKINTOWN PENNSYLVANIA 


229 
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IN STAMPING AND DRAWING 


¢ KOVAR + RODAR 
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* Other IRON-NICKEL-COBALT Alloys 


COMPLETE FACILITIES FOR PRECISION 
PRODUCTION OF ELECTRONIC COMPONENTS 


Our facilities are geared to meet your production 
and engineering needs for components of any de- 
scription. Unusually Complete Tool Room * Press 
Shop *Hydrogen Annealing, Machining and Polish- 
ing Operations * Glass-to-Metal Hermetic Sealing. 
Production of completed parts ready for assembly 
in your own plant. 


CUT TOOLING COSTS! 


Over 3,000 high precision tools and 
dies available to reduce your initial 
tooling time and costs. 


A complete service in our plant Call on us for free consultation and quotations 


ZELL PRODUCTS CORP. 


alee Set ae ein eT KE TEST Tad] ae CLE 


7 . us SOS 


Compression and Kovar Type 


HERMETIC SEALS 


“The Seal of Excellence” 


Meeting the ever-increasing standards of perfection established 
by the electronics industry is a challenge admirably met by Zell’s 
highly skilled engineers. They are able to exercise unusually 
rigid quality controls because all production operations are car- 
ried out in Zell’s own completely equipped, ultra modern plant. 


ZELL Hermetic Seals Enjoy These Desirable Characteristics: 

* High resistance to mechanical and thermal shock. 

* A stable finish that protects seals against corrosive atmospheres. 
ZELL’S GOLD PLATE WITHSTANDS THE MOST STRINGENT TRANSISTOR 
ETCH TESTS DEVISED. 

* Excellent electrical properties. * Tight dimensional tolerances. 

* Easy weldability and solderability. 


ALL FACILITIES UNDER ONE ROOF 


Complete tool room facilities. 
65 Power Presses (to 50 tons). 
Double stage annealing-fusing furnaces. 
Advanced plating facilities for Nickel, 


TA) aKa 
Gold, Tin, Cadmium, Copper, Silver, etc. 


STAMPING AND DRAWING . Ce 
© Complete glass facilities. 
KOVAR — RODAR — THERLO — © Mass Spectrometer leak testing. 


ZELL engineers control every process every 


ai et Cmts ec step of the way, assuring uniform quality 


and performance 
Write us for FREE Technical Consultation and Information. 


ZELL PRODUCTS CORP. 
i) OPO ool _ iw ne CL LP cad LL 
The completeness of our facilities assures the completeness of your satisfaction! 


and power pack module; 12 volt d-c 
sensing circuit and a low sensing cir- 
cuit current (less than 0.002 amp.). 
No warm up time is required and a 
convenient terminal board is provided 
for making external connections. 

Low capacity contact-making de- 
vices such as sensitive thermostats and 
slow-make, slow-break contacts will 
operate without electrical damage when 
used with this relay. Its high speed 
operation makes it desirable for use 
in stop motion or sorting circuits. The 
low voltage non-inductive circuit re- 
sults in no visible arc and thus elim- 
inates fire hazards on applications 
where the sensing contacts must be 
near flammable material. Long distance 
remote control, liquid level control 
and photo cell applications are also 
possible due to the relay’s sensitivity. 

Rated up to 10 amp, 110 volts, 60 
cycles, the relay is available in an 
open type panel or NEMA type 1 
bonderized general purpose enclosure. 
Cutler-Hammer, Inc., 230 North 12th 
St., Milwaukee, Wis. 
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SOLENOID-OPERATED 
CLUTCH MOTORS 


Solenoid-operated clutch motors con- 
sist of a standard “Circle B” motor 
driving one of the inputs of a differen- 
tial and a solenoid-operated finger stop- 
ping or releasing the other input. The 
output of the differential connects di- 
rectly to the output shaft. The output 
shaft is disconnected entirely from the 
motor gear train when not in use. The 


full-running torque of the motor may, 
therefore, be used to start a load. Thus, 
a high-torque load may be started be- 
cause the running torque of standard 
Bristol motors is normally twice the 
starting torque. 

The units instantaneous 
clutching at high speeds that reduces 
the effect of motor lag. 

One application is the case when a 
load must be driven at high, synchro- 
nous speed, but must be free for man- 
ual setting when motor is de-energized. 
Another use would be where it is 
necessary for the motor to operate a 
load against a spring, in which case 


provide 
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RIS 


TRADE MARK 


The Sign of 


Quality, Service and Progress in 


It was in May, 1907, that Ferdinand Wetterberg 
founded New Jersey Wood Finishing Company. 
Today, under the guidance of Harold Wetterberg, 
President, the Wetterberg tradition 
is being maintained. A half-century of 
continuous, uninterrupted manufacturing 
know-how stands behind the Vartex line. 


The years have seen New Jersey Wood 
Finishing Company’s role become one of 
specialization in the electrical insulation field. 
Through scientific research, products have 
been improved constantly, performance 
standards have been raised ever higher, 
and the Vartex line—keeping pace with 
industry—has broadened into today’s complete 
and comprehensive line of the most 
modern flexible electrical insulation products. 
Vartex is your assurance of quality 
with a tradition. 
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$4.25 


PER THOUSAND 
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COLD-HEADING 


SAVES YOU MONEY ON JOB-DESIGNED 
SMALL PARTS AND FASTENERS 


Cold-Heading is the most versatile, most economical method 
for producing your fasteners and small parts. These case 
histories are typical of thousands of money saving jobs 
we've done for our customers. May we quote on your re- 
quirements? Write today for the Hassall Catalog. 


John Hassall, Inc.,P.O.Box 2225, Westbury,Long Island,N.Y. 


Hassall ; 


NAILS, RIVETS, SCREWS : 
AND OTHER COLD-HEADED TPs 
FASTENERS AND SPECIALTIES 


the output shaft would return to its 
original position when clutch is de- 
energized. 

Other applications: reset-type timer. 
high-speed timers, chart drives, and 
control applications in which both 
a motor drive and a manual setting are 
required such as some types of potenti- 
ometer drives, remote-control applica- 
tions, etc. 

Units are available with clockwise 
or counterclockwise outputs, and with 
output speeds ranges from 60 rpm to 
as low as 1 revolution per month. 
Available output torque is limited to 
the developed torque of the motor used 
and should never be more than 20 in.-oz 
for optimum life. 

All motors and clutches are rated 
for 115 volt, 60 cycle applications, in 
standard units. Bristol Motor Div., 
Vocaline Company of America, Inc. 
Old Saybrook, Conn. 
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MILLIVOLTMETER PYROM- 
ETERS CONSERVE PANEL 
SPACE 


Designed to keep pace with the trend 
to miniaturization, the HP-30 pyrometer 
employs a high-strength magnet mate- 
rial, printed circuits, and miniature 
.ubes and relays to save panel space. 

Used primarily for temperature con- 
trol, the new pyrometers can also be 
used to measure other process variables 


such as speed, vacuum, density, and 
electrical quantities. Applications: 
plastic-molding and extrusion equip- 
ment, rubber-fabrication systems, gov- 
ernment test facilities, among others. 

A self-contained plug-in instrument 
and plug-in control unit, the HP-30 
simplifies T/C lead-length compensa- 
tion. On the new instrument, manual 
adjustment of a rheostat simultaneously 
compensates for lead length and bal- 
ances the T/C break eircuit. This 
makes it unnecessary to specify ex- 
ternal-circuit resistance. 

Range changes on the new series of 
pyrometers can be made in the field. 
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READER 


POTENTIOMETER Vs. RHEOSTAT 


POTENTIOMETER 


fe) ROTATION 


aco 


> 8) 
Pw) 
P) 
vo.tTace 100 To 


RESISTANCE OHMS 


RHEOSTAT 


fe) ROTATION 


Fig.2 


Specify BORG MICROPOTS 


Potentiometer Vs. Rheostat. Potentiometers should 
be used whenever possible to reduce systems error 
and excessive cost. Here’s why. 


POTENTIOMETER as a POTENTIOMETER 


Definition: A potentiometer is a voltage divider. 


Accuracy — Potentiometer accuracy is determined by 
the ratio of R, to R, for any given position of the 
control shaft (Fig. 1). Potentiometer accuracy is in- 
dependent of total resistance. Commercial precision 
potentiometers are designed for use as voltage 
dividers. Therefore, the total resistance is + 5%. 
However, the output voltage is the ratio of R,; to Ry 
and provides a linearity accuracy of 0.1% (Fig. 1). 
Linearity accuracy in commercial precision potentio- 
meters is 0.1% 


POTENTIOMETER as a RHEOSTAT 


Definition: A rheostat is a variable current control. 


Accuracy — When used as a rheostat (2 wire hook- 
up) the accuracy of the potentiometer is determined 
by the absolute resistance R, for any given position 
of the control shaft (Fig. 2). 


Rheostat accuracy is dependent upon the absolute 
resistance at any point. 

Commercial precision potentiometers, when used as 
rheostats, have an absolute ohmic resistance R.. It 
may deviate from zero to 5% from theoretical over 
the range of zero to 100% of shaft rotation (Fig. 2). 
Errors in distribution of this resistance (comparable 
to potentiometer linearity tolerance) must be added 
to this error to ascertain the “total ohms per degree 
conformity”, the true measure of rheostat accuracy. 


Consider the possibility of a closer total resistance tolerance to provide greater accuracy when used as 


rheostats. 


Commercial tolerance on fixed resistance is 5% with special selected values to 1¢ 
/o C 


This 


selected accuracy, if duplicated in a rheostat, would still be 10 times greater than the standard 0.1% ac- 


curacy of the commercial potentiometer. 
tance tolerances in fixed resistors are: 
value of commercially available resistance alloys. 


These limiting factors apply to potentiometers used as rheostats. 


Factors which contribute to the difficulty in tight total resis- 
resistance stability, temperature coefficient, and the absolute ohmic 


This increases the cost of such units 


just as the cost of tight tolerance fixed resistors is considerably greater than standard tolerances. 


We have found, through years of building potentiometers, designing equipment 
with customers, that when systems can be designed to use potentiometers in place 
increased accuracy results and usually the cost is reduced. 


Write for Complete Engineering Data « 


consultation 
of rheostats, 


and in 


greatly 


CATALOG BED-A56 


BORG EQUIPMENT DIVISION 


THE GEORGE W. BORG CORPORATION 


JANESVILLE, WISCONSIN 
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QUALITY.... 


another name for 


FANSTEEL 
RELIABILITY 


FANSTEEL METALLURGICAL CORPORATION 


ese Sulla: Ce Oe 





Previously, the user had to return such 
instruments to the manufacturer for 
range changing. 

Accuracy is +0.5 per cent instru- 
ment span, with close reproducible 
control. HP-30 controller sensitivity is 
less than 0.1 per cent. Available are a 
two-position controller, a three-position 
dual-index controller, a three-position, 
single-index controller, an over-temper- 
ature protector, a proportional output 
controller, and a_ time-proportioning 
controller. The six basic control forms 
are interchangeable. General Electric 
Co., Schenectady 5, N. Y. 
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MINIATURIZATION IN 
PRECISION SWITCHING 


Plastics body precision switches, so 
small nine could conceivably fit into 
1 cubic in. of space, measure only 
40 in. x 2 in. x 144 in. Two Model 
5302 switches can be mounted, activa- 
tor to activator and operated in a 1 in. 


diam. tube. The subminiature switches 
can be ganged together in _ infinite 
numbers to perform multiple switch- 
ing functions in confined areas. 

The 5000 Series switches are avail- 
able according to specifications as 
SPNO, SPNC or SPDT. Switches have 
a rating of 5 amp resistive at 28 volts 
d-c; 5 amp resistive at 115 volts a-c. 
Hayden Switch, Inc. 
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INSULATING MATERIAL FOR 
500 C SERVICE 


New moldable ceramoplastic insulating 
material, Supramica 560, is said to 
withstand continuous operating tem- 
peratures in excess of 500 C. The new 
material, which includes Synthamica 
synthetic mica, retains the electrical 
properties common to other ceramo- 
plastics while featuring increased ther- 
mal endurance and considerably lower 
density. Laboratory and industrial tests 
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indicate that the continuous operating 
temperature of components including 
560 Ceramoplastic will be in excess 


of 500 C (932 F); short-time operat- | 
ing temperature is approximately 1200 | 
F, depending on the mass and con- 
figuration of the part. 


The molding ceramoplastic can be 
precision-molded to very close toler- 
ances, and is dimensionally stable 
during and after fabrication. Because 
of thermal expansion coefficients closely 
matching those of steel, functional or 
reinforcing inserts may be molded in 
without risk of loosening and result- 
ant corona. 


Properties of Supramica 560 ce- 
ramoplastic include: 


Dissipation factor, 1 meg 0.0035 
Dielectric constant, 1 meg 6.8 
Loss factor, 1 meg 0.024 
Volume resistivity ohm-cm 5 x 101% 
Specific gravity 2.8 
Water absorption, 24hrs_ Nil 
Hardness (Rockwell M) = 125 
Thermal expansion, /°C 

at 20 C 13x 10° 


The specific gravity of 560 has been 
reduced to 2.8. The combination of 


lighter weight and greater thermal 
endurance shows great promise in the 
development of high-temperature, qual- 
ity components for airborne and mis- 
sile applications, and for other equip- 


ment in which reliability under extreme 


conditions is of utmost importance. TANTALUM™M 


Mycalex Corporation of America. 
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STOCKED SATURABLE 
REACTORS 


With a line of 22 models engineers 
will be able to design around a stand- 
ard line of saturable reactors with 
excellent physical and operating char- 
acteristics. Both 240-volt and 120-volt 
60-cycle reactors will be made avail- 
able with eleven standard sizes in 
each range. 

The high permeability magnetic de- 
vices are designed with extremely high 
power gains. Six ampere-turns will 


FANSTEEL METALLURGICAL CORPORATION 


& em Sulis- lt lt ee oe oe 
24, av 
Miversars © 
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WHEN 
ELECTRONIC 
PRODUCTION 


* ~ 


DANO COILS 
-Awwerl! 


Day after day, year after 
year, Dano has been continu- 
ously answering production’s 
call for coils to customer 
specifications .. . 


“Can you make a series of specially 
treated coils to these specifica- 
ee 


“We need a quantity of vacuum 
impregnated coils to our detailed 
specifications enclosed . . .” 


“Enclosed is our order for 10,000 
coils to be made to our high tem- 
perature specifications . . .” 


“Our production department must 
have encapsulated coils for a new 
electrical device . . . Please quote 
per enclosed blueprint . . .” 


Each a different coil require- 
ment . . . and each answered 
by Dano with the exact type 
of coil needed. 


If you need coils, try Dano for Bobbin, 
Form Wound, Paper Interleave, High 
Temp. and Encapsulated Coils. 


Also, Transformers Made To Order. 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 


2,000 watts in the 
largest of these standard reactor as- 
outputs range from 
50 to 2,000 watts, with only 3 ampere- 
turns being required for control of the 
smallest unit. 

Available will be stocked assembled 
core units with power windings and 

for finished assem- 
will specify control 
windings required for their particular 
applications, and stock units will be 
finished and sent out on short delivery. 
Magnetics, Inc. Butler, Pa. 
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STRIP PACKAGING SYSTEM 


Electronic component packaging sys- 
tem has been engineered to provide 
ease of assembly and ease of servic- 
ing. The process uses a phenolic board 
with continuous metal terminals auto- 
matically inserted. These terminal con- 
nections are automatically cut out in 
accordance with the required circuitry 
leaving connecting jumpers where 
needed. Cross-over connections are made 
through the use of jumper wires on 
the face of the board or through the 
use of printed wiring on the back of 
the board when desired. 
Components and lead-off wires are 
then easily inserted in the terminal 
strips, either automatically or manu- 
ally, without costly lead preparations. 
Spacing of the metal strips may be 


varied, depending on the required 
length of the electrical components. 
With components firmly held in place 
through the use of special fixtures, 
the package is processed over auto- 
matic soldering equipment developed 
in conjunction with the system. Be- 
lower temperatures and 
short duration of the heat cycle dur- 
ing soldering, by this automatic proc- 
ess, diodes and critical com- 
ponents are soldered without damaging 
effects. The board and terminal spac- 
ings have been determined for stand- 
ard circuits allowing for 
sizes ranging from 
and 2-watt 
diodes. 


cause of the 


other 


component 
paper capacitors 
resistors to the smallest 


The Strip Packaging System is ex- 


tremely flexible. Depending on the 








A GEARMOTOR 
for dependable 


power in 
Small 


Applications 


@ Motoresearch geared 
induction motors are designed for 
applications where motion at slow 
speed is required. That’s why more 
than a million are in use today on 
vending, coin operated machines, 
amusement games, household 
ranges and rotisseries. These Gear- 
motors are manufactured in four 
basic sizes, with output shaft speed 
of 1 RPM and up. 


A magnetic clutch permitting 
motion for the interval where 
there is electrical contact can be 
provided. 


Flexible manufacturing opera- 
tions permit prompt delivery of 
Gearmotors ordered. 


For further information send 
the requirements of your applica- 
tion to us. 


anca COMPANY 


1600 JUNCTION AVE. 
RACINE, WISCONSIN 


Gearmotors and 
Special Electrical Equipment 


gfonese 


Designers Manufacturers 
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New MTB unit ... Type C Hipersil core gives 
unit superior performance; up to one-third smaller 
for minimum panel space; optional Add-A-Part 
fuse blocks and breakers reduce your transformer 
inventories. 


NEW MTB TRANSFORMER 
_.. BETTERS NEMA REGULATION 
STANDARDS BY 30% 


Here is a new high inelectrical performance for trans- 
formers used on machine tools and electrical controls. 

The new Westinghouse MTB transformer has 30% 
better regulation than the NEMA standard. This 
means that you can use a lower rated Westinghouse 
transformer—a smaller, more compact transformer. 

This performance is attained—in the 4% through 
114-kvaratings—with Westinghouse Type C Hipersil® 
cores. The high permeability of Hipersil permits 
operation at higher flux density and means fewer coil 
turns and smaller coils. 

Coils are made with famous Bondar* coated 
wire—the Westinghouse insulation with a life 


expectancy of more than three times that of conven- 
tional insulation. 

And for more design flexibility—the new Add-A- 
Part feature. In ratings .075 to 1.5 kva, separate 
fuse blocks may be mounted. For transformers from 
1.0 to 1.5 kva, a Quicklag® circuit breaker can be 
added—a Westinghouse exclusive. This Add-A-Part 
feature permits control builders to maintain lower 
transformer inventories. 

So, for the biggest saving in small transformers, 
get in touch with your Westinghouse representative 
or write Westinghouse Electric Corporation, P. O. 
Box 868, Pittsburgh 30, Pennsylvania. 


*Trade-Mark 
J-70801 


You CAN BE SURE...1F 17s Westi nghouse jwe 
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APPLIANCE 
SWITCHES 


10 Amp. 250 V. A-C 
15 Amp. 125 V. A-C [Lt] 
% H.P.-120-240 V. A-C 


D.P.D.T. - on-off-on - Solder Lugs D.P.D.T. + on-on + Screw Terminals 


S58 hela VAL - 3 A—125 V. 
» 10 A—250 V. A-C. 6 A—125 V. 
HP.-120: 3 A—250 V. 


1887-LP 


S.P.S.T. + on-off + Screw Terminals S.P.S.T. + on-off + Solder Lugs 
10 Amp. 250 V. A-C 10 Amp. 250 V. A-C 


15 Amp. 125 V. A-C [1] 15 Amp. 125 V. A-C 
% H.P.-120-240 V. A-C % H.P.-120-240 V. A-C 


were” 
F aS RAL 
em vit? 40 YO 


$.P.D.T. + on-off-on + Solder Lugs S.P.S.T. + on-off » Screw Terminals 


% Amp. 125 V. D-C 
3 Amp. 125 V, A-C 10 Amp. 24 V. D-C 
6 Amp. 24 V.D-C . 3 Amp. 125 V. A-C 


$.P.S.T. - on-off - Screw Terminals S.P.D.T. 


IEA ee 


TRENTON 4, NEW JERSEY 


53” Year 


application, boards can be manufac- 
tured to incorporate the use of printed 
wiring on the back for complex cir- 
cuitry. Boards can be modified with 
respect to length and width for a rel- 
atively low tooling charge. They can 
also be used back to back or stacked 
for more component density without 
sacrificing ease of servicing or ease 
of incorporating engineering changes. 

Second of two illustrations show a 
decade counter which has been con- 
verted to incorporate the use of strip 
package assemblies. The reverse side 
not pictured is identical, making a 
total of four boards, including approx- 
imately 100 components. Erie Resistor 
Corp., Erie, Pa. 
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1000-WATT MAGNETIC 
SERVO AMPLIFIER 


Features of 1000-watt magnetic servo 
amplifier for industrial automation in- 
clude a one-cycle response. The unit 
provides both reference-phase and con- 
trol-phase power for a 34 hp motor. 

The new servo amplifier allows auto- 
matic operation of milling machines 
and other 60-cycle equipment or proc- 
esses that permit programmed oper- 
ation. 

Designated the MB-1000-60, the unit 
incorporates a Scott-connected trans- 


former and has no toroids. It is used 
primarily in 220-volt, three-phase op- 
eration, but will also provide 115-volt, 
single-phase or two-phase operation 
with simple factory modification. It is 
installed in an enclosed, wheeled cabi- 
net 20 in. high, 16% in. deep and 
17 in. wide. Magnetic Research Cor- 
poration, 3160 West El Segundo Bou- 
levard, Hawthorne, Calif. 
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Why Dish-Quik. uses 
ree-Cutting Brass Rod! 


‘‘No other metal combines such 
production speed with quality results!”’ 


HAROLD E. CONNELLY, Purchasing Agent, Modern Faucet Mfg. Co. 


Housewives want economy and long-lasting de- 
pendability from their appliances —and the 
makers of Dish-Quik know it! That’s why this beau- 
tifully-designed, labor-saving faucet attachment 
was fabricated from so much free-cutting Chase 
brass rod! 


For one thing, using Chase free-cutting brass 
rod assures Modern Faucet Mfg. Co. of highest 


production speed and top-quality work. What’s 
more, parts made from this tough. corrosion-resist- 
ant rod won’t clog with rust from their daily contact 
with hot and cold water. They shrug off hard knocks 
that are part of frequent use. 

The end result? A de-luxe product made to give 
more value to consumers — at the lowest cost to 
the manufacturer! 


Bring your production problems to... Chase P: 


BRASS & COPPER CO. 


WATERBURY 20, CONNECTICUT 
SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


The Nation’s Headquarters for Brass, Copper and Stainless Steel 


Atlanta Baltimore Boston Charlotte Chicago Cincinnati Cleveland Dallas Denver Detroit Grand Rapids Houston Indianapolis Kansas City, Mo. Los Angeles 
Milwaukee Minneapolis Newark New Orleans New York (Maspeth, L.1.) Philadelphia Pittsburgh Providence Rochester St.Louis San Francisco Seattle Waterbury 
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Typical of the scientific tech- 
nology that is behind Triplett’s 
world wide reputation for relia- 
bility—these jewel pivot bear- 
ings are so minute that 1000 do 
not even half-fill this one-half 
inch bottle and every jewel is 
perfectly balanced with more 
painstaking care than the watch- 
‘makers’ art. 





Triplett current catalog offers 
more than 15,000 available ty pes 
and ranges of clear plastic front 
and conventional design black 
plastic panel meters. 









The identical careful accuracy 
_ and high reliability is available 
- in the complete Triplett line of 
- VOMs, VTVMs, scopes and 
other test equipment. 
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SINGLE-PHASE TO THREE- 
PHASE CONVERTER 


Rotating electrical machine, of special 
design, changes both phase and vol- 
tage. The machine illustrated converts 
single-phase, 115-volt, 60-cycle a-c to 
three-phase, 230-volt, 60-cycle current. 
Frequency is held constant within a 
fraction of a cycle from no load to 
full load. 

The machine is conservatively rated 
at 500 watts. 

The converter weighs only 37 pounds, 
with both frame and endbells cast from 
a durable alluminum alloy. Steel bear- 


ing wells are set into endbells. Unit 
is 844 in. wide, 9 in. high and 10 
in. long. Relay starting switch, starting 
capacitator and input and output re- 
ceptacles can be mounted in a small 
box on the converter, at a separate 
station, within a new type converter 
frame, now being developed, or within 
a housing that eliminates all operating 
noise. Intake and exhaust air vents 
are located in bottom halves of end- 
bells, making the unit drip proof. Kato 
Engineering Co., Mankato, Minn. 
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RECORDING OSCILLOGRAPH 


Identified as the 561, new oscillograph 
has the same ruggedness and mini- 
ature size (5”x6”x9”) of previous 
models, but a wider range of record- 
ing speeds and the addition of trace 
identification. The 561 has incorporated 
speed selections from 0.5 to 80 in. per 
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It’s A Good Thing 
They Don’t Make ’em 
Like They Used To... 


SEMS BY Gyveclock. 


HOLD TIGHTER! COST LESS! 


Ever hear someone say “‘they don’t make Here’s Why You Should 
em like they used to’? Well, it’s a good Order SEMS by Everlock ... 
thing they don’t! Modern autos, for in- 1. Cut costs by eliminating sep- 
stance, last up to three times as long as 

the cars of twenty years ago. 

Sems by Everlock are one of the 9, 
reasons. Every modern auto has a thou- 
sand and one places where Sems grip 
tight for the lifetime of the car. The illus- Sietaas d ' 
tration shows Sems used on a station — “6 waste due to od 
wagon tailgate. Often used for both busi- aera 
ness and pleasure, station wagons get Eliminate rejects due to 
abuse and vibration that are sure to work omitted lock washers. 
old-time fasteners loose. But, Sems by Fast delivery on a wide 
Everlock actually hold tighter the more range of sizes, types and 
you try to shake ’em loose. finishes. 


arate handling of screw and 
washer. 


Simplify ordering by re- 
ducing the number of items 
carried and quantities stocked. 


Exclusive Everiock 

Chisel Edges firmly 
grip both the 
fastener and 
the product! 


— 


Tala a 


Everlock Sems are available in a wide 
range of types and sizes. Ordering 
“Sems” is not enough, only Everlock 
Sems, preassembled lock washers and 
screws, have the exclusive, full chisel 
edge locking action. 


WRITE FOR 


Other Everlock fasteners that feature the ex- FREE CATALOG... 


clusive full chisel edge locking action include 
Free Lock Washers, Locknuts and Terminals. 


THOMPSON-BREMER & CO. ——— rece 
514 North Dearborn Street @ Chicago 10, Illinois 4 
Subsidiary of AMERICAN MACHINE & FOUNDRY CO. Sas 
INDUSTRIAL FASTENERS 


Check the Alphabetical Listing in Your Telephone Book: 


EVERLOCK REPRESENTATIVES D. G. Teeling Co. W. Henry Cordray Sales Co. 
Indianapolis, Ind. Philadelphia, Pa. 

J. J. Mcintosh Scott & Steffen, Inc. James E. Cleary Oregon Indust. Factors 
Atlanta, Georgia Cleveland, Ohio Marblehead, Mass Portland, Oregon 

C. L. Martin Sales Corp. Kenneth D. Delanoy Thom Lundeen Howard N. Clark 
Baldwinsville, N. Y. Dayton, Ohio Moline, Illinois - Rochester, N. Y. 

Richard C. Dudek Sam T. Keller Co. J. Ramsey Reese, Inc. Forrest Moschner 
Beverly Hills, Calif. Detroit, Michigan New York, N. Y. St. Louis, Mo. 

W. L. Barth, Jr. C. W. McNeil, inc. Hank Workman 
Chicago, lilinois Houston, Texas Pleasure Ridge, Ky. 
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...crystal can size 


Elgin’s new MV rates superior to other 
high performance relays, yet is less 
than an inch long and weighs less than 
half an ounce. It meets military speci- 
fications and is designed for contin- 
uous use in the —65°C to 125°C tem- 
perature range. The MV has a life 


rating of 100,000 operations minimum 
at rated load. This new relay is in pro- 
duction now and prompt delivery is 
assured. For computers, control sys- 
tems and every installation that re- 
quires dependable performance AND 
miniature size... specify MV. 


SPECIFICATIONS 


10 to 80 cycles per second at maximum 
excursions of .06‘'—80 to 2000 CPS 
20G‘s acceleration 

50G for 11 milliseconds 

100,000 operations minimum at rated 
current 


AMBIENT TEMPERATURE RANGE. .—65°C to 125°C 


DUTY 

OPERATING POWER 
CONTACT ARRANGEMENT 
CONTACT RATING 
CONTACT MATERIAL 
CONTACT RESISTANCE 
OPERATING TIME . 
RELEASE TIME 

ALTITUDE ... 


DIELECTRIC STRENGTH ... 


INSULATION RESISTANCE 


Continuous 

Nominal 1.2 watts at ambient temperature 
DPDT (2 Form C) 

» 2 amps resistive at 32VDC or 115VAC 
Silver-Magnesium-Nickel Alloy 


5 milliseconds maximum at nominal power 
+5 milliseconds maximum 
- Voltage breakdown of relay is 1000 Volt 
AC to 40,000 ft.—550 Volts AC to 
70,000 ft. 
++ee++1000 volts RMS 
100 megohms minimum at 125°C 


STANDARD COIL RESISTANCES, ..30, 120, 600, 1000, 2500, 5000, 10000 


SIZE ...06 
WEIGHT 


ohms, others available 

+ -875 high x .797 wide x .359 thick mox. 
+ +0.45 ounces (max.) 

Bracket, side studs, top studs 


TERMINAL ARRANGEMENT ...... Plug-in, solder-hook, 3-inch leads 


ELECTRONICS DIVISION 
ELGIN NATIONAL WATCH COMPANY 
107 National Street, Elgin, Illinois 
2435 N. Naomi Street, Burbank, California 





second, with a magazine capacity of 
92 ft. of recording paper and beam 
type interrupter identification. The 561 
retains the ruggedness of the 560, 
withstanding shock accelerations in ex- 
cess of 1500 gravities and temperature 
ranges from —65 to 165 F. Weight is 
151% lb: dimensions; 6-11/32 x 5-3/16 
x 9-3/16. No. of Channels: 14. Magazine 
Capacity: 95 ft. DuPont Lino Writ 
#4. Viewing Screen: full width, grad- 
uated in 0.1” elements. Altitude: up 
up to 100,000 feet above sea level. 
Midwestern Instruments, Tulsa, Okla- 
homa. 


Circle No. 58 on Reader-Service Cards 
preceding back cover 


RUNNING TORQUE TESTERS 
AND DYNAMOMETERS 


Line of Running Torque Testers and 
Dynamometers now includes two new 
models in the 300 series and a new 400 
series, The new 311-RT/DY and 321- 
RT/DY fill the need for torque testers 


where the user does not require the 
high degree of accuracy offered in the 
regular line. 

The new 400 series is designed for 
high torque readings. The new additions 
make available a series of Running 
Torques and Dynamometers capable of 
testing subfractional-horsepower  elec- 
tric motors from zero to 4 in.-oz and up 
to 64 ft-lb. 

Applications include laboratory test- 
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( downtime: 


due to shunt failures... 


4. 


, 
F 
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can be prevented by USG BRUSHES... 


with STATITE permanent shunt connections 


When a motor is out... you’re money out. If you want 
to eliminate downtime caused by shunts jarring loose 
or being pulled out, we suggest you try USG Brushes 
with Statite. Statite is a permanent shunt connection 
needing no hammerclips. It can’t be jarred out even 
under severe operating conditions, and will assure 
your electric motors of steady, maintenance-free per- 
formance. In addition, Statite shunt connections, 


which eliminate troublesome rivets, retain their orig- 
inal low millivolt shunt drop, cannot oxidize, and 
are unaffected by temperature extremes. USG Brushes 
are manufactured in a variety of types and sizes for all 
applications from fractional horsepower to diesel 
generator. Grades available include carbon and carbon- 
graphite, electrographitic, graphite, metal graphite, 
and silver graphite. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 8, MICHIGAN 
GRAPHITAR® cARBON-GRAPHITE © GRAMIX® sintERED GRAPHITE PRODUCTS © USG® BRUSHES 


ae 


THE UNITED STATES GRAPHITE COMPANY 
SAGINAW 8, MICHIGAN 


NAME 

a 
COMPANY 

ADDRESS 
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CURVE POINT 
FOLLOWER PLOTTER 


MOSELEY 
AUTOGRAF 


Now offered in four versatile models, the 
Moseley AUTOGRAF X-Y recorder is a 
high quality, precision instrument providing 
economical means for plotting data quickly, 
easily, and accurately. It is widely used in 
research, development, and test laboratories 
where quantities of mechanical, physical 
and electrical data are being collected daily. 


Features include ranges from 5 millivolts 
to 500 volts; 200,000 ohms per volt input 
resistance; zero set and full scale zero off-set; 
speeds up to 42 second, full scale; better 
than 0.25% accuracy. 


A complete line of accessories is available 
for almost any data translation problem. 


F.L.MOSELEY CO. 
eT AG 409 N. Fair Oaks Ave. 
specifications Pasadena, California 


TEFLON- New Ben-Har Braided Lacing and Winding Tape 


combines two superior insulation materials—DuPont 
GLASS Teflon and glass fibers. Fibers are Teflon coated 
before braiding to maintain rough texture and assure 
tight knots—and to eliminate abrasive action of the 
FIBER glass. Ben-Har Tapes will not shrink and cut 
through insulated wires. They are pliable from 


LA C ' N G -100°F. to 500°F. They are non-absorbent and inert 


to most known chemicals and oils . . . completely 


TA PE wax-free and fungus proof. 


Available in 3/64, 1/16, 3/32 and 1/4 inch widths, 
in Offwhite. Also available in 8 colors and Black on 
special order. Write for prices and samples. 


BENTLEY, HARRIS MANUFACTURING Co. 
2205 Barclay St. Conshohocken, Pa. 


BENTLEY, HARRIS ” INSULATIONS 


*T.M. Owens-Corning 


ing (at room and varying tempera- 
tures) for hydraulic motors, servo- 
mechanisms, missile controls, gyro 
mechanisms, and other units. John 
Chatillon & Sons, 85 Cliff St., New 
York, N. Y. 


Circle No. 59 on Reader-Service Cards 
preceding back cover 


FREQUENCY STANDARD 


Frequency standard, Model 1400, em- 
ploys a stabilized tuning fork to gen- 
erate 400 cps with an accuracy of 
0.005%. Other frequencies are readily 
available on request. A front panel 
control permits continuous variation 


of the output voltage. Distortion is 
less than 1% in a compact unit of 
6 x 9 x 6 inches. Completely self 
contained, the unit requires a power 
supply of 115 volts, 60 cps. The In- 
dustrial Test Equipment Company, 55 
East llth Street, New York 3, N. Y. 


Circle No. 60 on Reader-Service Cards 
preceding back cover 


HIGH POTENTIAL TESTER 
FOR MATERIALS AND DEVICES 


Portable and mobile a-c Hypots, the 
Model 4300 is a portable bench tester 
for testing plastics, other insulating 
materials, and equipment requiring test 
potentials to 30,000 volts a-c at 1 kva. 

The instrument has an input of 115 
volts, single phase 50-60 cycle a-c., 
with a continuously variable output 
voltage from 0-30,000 volts a-c, at 
1 kva, intermittent. 


Model 4301 (also rated at 30 kv at 
1 kva) is also available. This unit is 
especially designed for rack and panel 
mounting, and consists of a relay rack- 
mounting control panel, which is con- 
nected to the power unit by 10 ft of 
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punched and machined from Taylor Grade XP 
paper base laminate, has low moisture absorption 
and good dielectric strength. 


@ 


Vise jaw caps,made of Taylor Grade C phenolic 
laminate, are easily cut and machined to shape. 
Marring of precision or delicate parts is eliminated. 














Self-balancing servo motor has stator case 
insulator which is cold-punched from V4” thick 
Taylor Paper Base Phenolic Laminate sheet. 



























Flippers for loose-leaf binders are made of 




















economical Taylor Vulcanized Fibre . . . affording 
added rigidity and good protection for the paper 
pages. 























TAYLOR SUPERIOR 
COPPER-CLAD LAMINATES 




















Taylor GEC (glass epoxy) 
Copper-Clad and Taylor XX XP- 
242 cold punching (paper- 
phenolic) Copper-Clad. Taylor 
uses high purity rolled copper 
on base materials with out- 















































standing electrical properties. 















TAYLOR 


Laminated Plastics 
Vulcanized Fibre 


Back plate on an automobile headlight switch, 
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PHENOL IC— MELAMINE—SILICONE—EPOX Y LAMINATES * COMBINATION LAMINATES * COPPER-CLAD LAMINATES * VULCANIZED FIBRE 


Shop Talk 


TAYLOR 


Plants in Norristown, Pa. and La Verne, Calif. 


Time switch, made by the Tork Clock Co., uses two Taylor products ... the 
deadfront is made of vulcanized fibre for its insulating properties, shock pro- 


FIG R.£. CC. 






tection and printability .. . the mounting panel of the clock is made of 


Taylor laminate XP-1-231, chosen for high strength and good punchability. 


Have an Insulation Problem? 





Select from Taylor’s complete line of 
materials—laminates and vulcaniz- 
ed fibre—to get the right combina- 
tion of electrical, physical and 
machining properties for your prod- 
uct. And, if you have a unique 
problem, Taylor will develop a 
special material to meet your re- 
quirements. 


For example, rigid requirements for 
insulation materials in the Tork 
Clock Company’s Time Switch were 
met by two Taylor materials—a 
laminate and vulcanized fibre. The 
mounting panel is made of Taylor 
laminate XP-1-231, especially for- 
mulated for the high strength and 
good punchability requirements of 
this application. In addition, Taylor 
vulcanized fibre serves as the dead- 


Taylor will provide the answer... 


front—a shockproof cover removed 
only for installation and service. 
Fibre was chosen for its insulating 
properties, shock protection, and 
printability. 


Taylor materials are developed to 
meet the need for dependable, 
moisture-resistant insulation. They 
have high dielectric and mechanical 
strength, and maintain original 
characteristics over long periods of 
time, under severe operating con- 
ditions. When you choose—and use 
—Taylor products, you’ll have per- 
formance with stability. 


Taylor application engineers can 
help you obtain the Taylor material 
that matches the exact requirements 
of your product. Contact your near- 
est Taylor sales office. 
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ATI ial 


Thay 


in component 
ee aa 


FEATURING: 
@ Automatic clip assembly 
@ Automatic connector cutting 
@ Automatic component soldering 


RESULTS: 
@ Lower production costs 


@ Higher reliability in solder connections 
@ Easier servicing 


ERIE supplies the customers’ complete component pack- 
age: electronic components, molded plastic parts, metal 
stampings, and embossed wiring boards available from 
various ERIE divisions; as well as other components pur- 
chased from other manufacturers. 


For more complete information regarding the ERIE 3976 Strip Package, 
and its practical application in the solution of your individual problems, 
write to Engineering Department, Electro-Mechanical Division, Erie 
Resistor Corporation. 


ERIE ELECTRO-MECHANICAL DIVISION 


ERIE RESISTOR CORPORATION 
Main Offices: ERIE, PA. 
res ERIE, PA. © HAWTHORNE, CALIF 





connecting cable. Model 4300 is cur- 
rently being stocked. Associated Re- 
search Inc., 3758 W. Belmont Ave.. 
Chicago 18, Ill. 


Circle No. 61 on Reader-Service Cards 
preceding back cover 


POWER OSCILLATOR 


Applications of power oscillator Model 
1500 include use as a precision 400- 
cycle source to energize synchros, re- 
solvers. motors, and other electronic or 
electro-mechanical equipment. Avail- 
able in a convenient rack-mounting 
form it can be readily furnished in vari- 
ous other frequencies. Fifteen watts of 


undistorted power (less than 1 per 
cent) are supplied through an isolated- 
output transformer. Three impedance 
taps are provided. A front-panel control 
allows for a continuously variable out- 
put from 0-120 volts. The frequency, 
factory-set to 0.25 per cent, is main- 
tained with high stability even with 
line-voltage fluctuation. 

Power input is 115 volts, 60 cps. Di- 
mensions: height, 894 in., width, 19 in.. 
depth, 8 in. The Industrial Test Equip- 
ment Co., 55 East llth St., New York 
a 


Circle No. 62 on Reader-Service Cards 
preceding back cover 


NULL DETECTOR 


Battery-operated null detector, Model 
60B, provides complete isolation from 
power lines. It is well shielded against 
external fields and is suited for Scher- 
ing and other bridges. Sensitivity is 3 


micro-volts for 1 per cent deflection. 
Built-in tuned circuits permit a sharp 
balance even when the null is compli- 
cated by harmonics. The Industrial 
Test Equipment Co., 55 East 11th St.. 
New York 3, N. Y. 
Circle No. 63 on Reader-Service Cards 
preceding back cover 
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One of these IRVINGTON™ tubings 


IN TUBINGS, TOO... 


IRVINGTON MEANS INSULATION I NSURANCE 


was designed to solve your production problems! 


@ If a tubing will do the job... Irving- 
ton’s got it! Which of the tubings de- 
scribed below fits your application? 


#410 Series (Silicone Rubber Coated 
Glass)—For use at operating tempera- 
tures to 200° C. Used where heat 
stability and flexibility over wide tem- 
perature range are required. 


#440 Series (Vinyl Coated Glass)—Used 
where long time flexibility, high dielec- 
tric qualities and excellent push back 
are required. Has excellent abrasion and 
transformer oil resistance. 


#430 Series (Varnish Coated Glass)—Per- 
fect tubing for phase connections 
because of excellent cut-through resist- 
ance; combines the heat resistance of 
glass braid and the fine insulating qual- 
ity of special varnish coatings. 


#400 Series (Varnish Coated Rayon)—A 


fine general purpose secondary insula- 
tion. Oil resistant, and saturated with 


RVINGTON : 


tough oleo resinous type varnish. 


Catalog #4201 (Polytetrafluoroethylene) 
—Used over broad temperature range of 
250° C to —90° C, for high frequency, 
low loss applications. Surpasses Class H 
temperature requirements. Has unique 
resistance to all chemicals. 


Temflex* (Catalog #3003, Vinyl)—U/L ap- 
proved for use at 105° C. Designed for 
applications involving varnish or baking 
cycles, for motors, coils and transform- 
ers. Oil and fungus resistant. 


Catalog #3002 (Vinyl) — Possesses the 
broadest possible range of temperature 
applications in the vinyl field (90° C to 
—50° C). Fungus and flame proof, with 
high chemical and abrasion resistance. 


Catalog #3007 (Vinyl)—Used for service 
at temperatures as low as —/0° C pri- 
marily on aircraft and radar equipment 
for harnessing and conduit protection. 


9 ARGYLE TERRACE, IRVINGTON 11, N. J. 


IRVINGTON Division, Minnesota Mining & Mfg. Co. 
9 Argyle Terrace, Irvington 11, N. J. 


Please send me free wall chart containing samples and 
descriptions of properties of the basic Irvington tubings. 


My name is 


| am of the company 


(Title) 


indicated on this letterhead. 


Lance eee ee eee eee ee ee a 


In addition, other types of tubing are available for specific pur- 
poses. For full technical information, call the “Electrical Desk” 
at your nearest 3M branch office. 

*Reg T.M. 


ey 
EN): MINNESOTA MINING and MANUFACTURING CO. 
? 


os 
2aces* 


LOOK TO IRVINGTON FOR: Fiexible Electrical Insulations, Coated Fabrics and Papers — Laminated and Coated Slot Insulations — Tubing — Tapes — Insulating Varnishes 
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Literature 
for the Design Engineer 


{/l-new listings of manufacturer's literature just off the 


press... 


including catalogs, manuals and other reference 


publications relating to components and materials for 


designed-in use in electrically energized end products. 


CAPACITORS; NOISE FILTERS; ELEC- 
TRONIC DEVICES— Standard Radio 
Noise Filters, A-C Drawn Oval Capac- 
itors, Metallized Mylar Capacitors are 
among the products illustrated and de- 
scribed in a new catalog. Features of 
the metallized Mylar capacitor include: 
temperature range from —72 to 150 C; 
hermetic seal; and other advantages. 
Details are also provided on Bathtub 
Fixed Paper Capacitors and other prod- 
ucts. The Potter Co. 


Circle No. 121 on Reader-Service Cards 
preceding back cover 


ALUMINIZED STEEL FOR APPLIANCES 

Text and illustrations of P.O. 6456 
show design engineers where to use 
aluminized steel Type 1 (aluminum- 
coated) to increase appliance life and 
efficiency. Among the topics covered are 
heat reflectance, strength, heat and cor- 
rosion resistance, and reduced costs 
achieved. Listings show appli- 
ances and appliance parts that have 
benefited by the use of the material. 
Product Information 
Steel Corp. 


Circle No. 122 on Reader-Service Cards 
preceding back cover 


many 


Service, Armco 


STEP SWITCH FOR MACHINE TOOL 
AND OTHER CONTROL CIRCUITS - 

Features of a heavy-duty step switch 
for machine tool and other industrial 
control circuits are pointed out in 2- 
page bulletin 850. The MT series step 
switch has separate circuits electrically 
independent; contact rating of 10 amp 
at 115 volts a-c; and heavy-duty rapid 
action stepping mechanism capable of 
operating from external switch at a 
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maximum speed of 300 operations per 
min. Data on rotary action solenoid, 
break out cams, and the two standard 
frame sizes are included. Eagle Signal 
Corp. 


Circle No. 123 on Reader-Service Cards 
preceding back cover 


TRANSISTOR MEASUREMENTS — Data 
sheet describes a portable Beta tester 
for transistor measurements, which is 
useful in circuit design, and other ap- 
plications. Printed-circuit construction 
is used throughout, with the tester com- 
pletely self-contained, utilizing a 1 ke 
oscillator and mercury cell power sup- 
ply. Baird-Atomic, Inc. 


Circle No. 124 on Reader-Service Cards 
preceding back cover 


MINIATURE MAGNETIC SHIFT REG- 
ISTERS—One-page Technical Bulletin 
128 illustrates, describes and presents 
specifications on miniature magnetic 
shift registers, the MSR-1 and MSR-0 
units. These are serial shift registers 
each of 8-bits length. The MSR-1 drives 
the MSR-0 and together they form a 
small sturdy 16-bit shift register for 
serial read in and serial read out. Mag- 
netics Research Co. 


Circle No. 125 on Reader-Service Cards 
preceding back cover 


RIGHT-ANGLE BEVEL GEARS—Stand- 
ardized right-angle bevel gears for in- 
dustrial equipment are illustrated and 
described in Bulletin 57 which con- 
tains line drawings giving dimen- 
sions of the three standard sizes: 
5, 1, and 4 hp. All three are available 
as 2-way or 3-way types, with 2:1] or 
1:1 shaft ratios. Included is a table of 


basic model data that lists the rated 
horsepower and speed for all 12 stand- 
ard models. Airborne Accessories Corp. 


Circle No. 126 on Reader-Service Cards 
preceding back cover 


SINGLE - PHASE CAPACITOR’ TYPE 
MOTORS—Bulletin GEA-6240A | illus- 
trates specific design advantages of 
singie-phase capacitor type motors with 
ratings from % hp, 115/230 volts, 60 
cycles, for materials-handling, metal- 
working, and other equipment. Dimen- 
sion data for estimating is provided for 
dripproof, resilient-base and totally en- 
closed fan-cooled motors. General Elec- 
tric Co. 


Circle No. 127 on Reader-Service Cards 
preceding back cover 


SILICON VOLTAGE REGULATORS AND 
REFERENCES—File folder contains data 
sheets providing application notes and 
design information on silicon voltage 
regulators, as well as_ specification 
sheets describing subminiature, minia- 
ture and power types. Transitron Elec- 
tronic Corp. 


Circle No. 128 on Reader-Service Cards 
preceding back cover 


MAGNET WIRE DIRECTORY—Sixteen- 
page directory of current magnet wire 
trade names include the trade name 
designations used by 20 magnet wire 
manufacturers. In addition the direc- 
tory lists the various physical, chemical 
and electrical characteristics and appli- 
cations common to the ten general 
classifications of magnet wire. These 
classifications include: enamel, form- 
var, self-bonding vormvar nylon, com- 
binations of formvar-nylon, solderable 
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Could you handle 


Jobs like these continually open up at IBM—due to 
rapid expansion. If you are an engineer or scientist 
—or have equivalent experience—you may qualify for 
such a position. Innumerable opportunities exist in: 


© Computer systems 


¢ Numerical analysis and 
planning 


programming 
¢ Photo and magnetic 
device memory 


¢ Computer systems 
testing 

© Real time systems 
engineering 


© Electronic circuit 
design and packaging 

* Semi-conductor research, 
development and 
manufacturing 


© Electrostatic phenomena 


¢ Manufacturing process 


control © Test equipment design 


For the facts about an engineering career with 


IBM, just write, outlining background and interests, 
to: 


R. A. Whitehorne 

Mgr. of Engineering Recruitment, Department 5505 
International Business Machines Corporation 

590 Madison Avenue, New York 22, N.Y. 


DATA PROCESSING 7 ELECTRIC TYPEWRITERS e 
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MILITARY PRODUCTS . 


growth 
promoted 
this man 


Computer Programmer: Before his 
recent promotion, this man was a research 
programmer working with a giant IBM 
704 electronic computer. He was engaged 
in the preparation of research problems 

of an engineering, scientific, business, and 
industrial nature for machine solution. 

His work entailed advanced diagnostic and 
application program development, including 
the modification of existing systems and 
proposed new systems. “This work has the 
same fascination as a game of chess,” 

he'll tell you, “and the variety of constant 
challenges makes it absolutely absorbing!” 


his responsibilities ? 


The electronic computer field offers one of the best 
ground-floor opportunities today. Economic experts 
rank it with automation and nucleonics in growth 
potential. Sales at IBM, the recognized leader in this 
fast-growing field, have doubled, on the average, 
every five years since 1930. Engineering laboratory 
personnel has quintupled in the past five years. IBM’s 
excellent salaries and employee-benefit programs are 
instrumental in achieving an employee turnover rate 
far below the national average. 


Where would you like to work for IBM? 


IBM plants and laboratories are located in: Endicott, 
Kingston, New York City, Owego, Poughkeepsie, 
N. Y.; Burlington, Vt.; San Jose, Calif.; Washington, 
D. C.; Greencastle, Ind.; Lexington, Ky.; Rochester, 
Minn.; Sherman, Texas. 


DATA 
PROCESSING 


SPECIAL ENGINEERING PRODUCTS - TIME EQUIPMENT 
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FOR PROVEN RELIABILITY 


Specify 
HUSKY RELAYS 


rd 


7 C4 
* 
a 
a 
a 
a 


ct 
a, 


rh 
Fe 


Husky Relays are precision-engineered to 
give peak performance under all conditions. 
Exhaustive laboratory tests, quality-con- 
trolled production and a demanding inspec- 
tion program insure that each Husky Relay 


will deliver maximum service on the job. 


The complete Husky Line contains relays 
designed to meet standard needs. If you 
have a special design problem, send us your 


specifications for engineering review. 


Don’t underestimate the importance of the 
“Right” relay in your design. Remember, 


you can rely on Husky Relays! 


lee KLCC 


1500 Church St., Frederick, Maryland 





films, enamel Class B, and silicone 
Class H. Also: hermetic insulations and 
textile insulations. Magnet Wire Div., 
Essex Wire Corp. 


Circle No, 129, Reader Inquiry Service Cards 
Preceding back cover 


TEFLON SPAGHETTI TUBING—Thin- 
wall Teflon tubing is the subject of a 
two-page data sheet describing useful- 
ness of the material as an insulation 
sleeving for electric and electronic com- 
ponents. Dielectric, handling and _per- 
formance advantages of Polypenco Tef- 
lon spaghetti tubing are listed along 
with applications. Included in the speci- 
fication table are 26 different sizes in 
ten different colors. The Polymer Cor- 
poration of Pennsylvania, A Subsidiary 
of The Polymer Corp. 


Circle No. 130, Reader Inquiry Service Cards 
preceding back cover 


TEMPERATURE - CONTROL COMPO- 
NENTS, SYSTEMS—Four-page brochure 
describes a range of products extend- 
ing from components to complete con- 
trel systems for use on plastics ma- 
chines and other temperature-control 
devices. Several forms of complete sys- 
tems are available from stock, as well 
as to customer requirements. Included 
is a questionnaire which aids in selec- 
tion and quotation by covering all 
major factors required in specifying. 
West Instrument Corp. 


Circle No, 131, Reader Inquiry Service Cards 
preceding back cover 


VARIABLE SPEED DRIVES — General 
specifications and engineering data are 
provided in an illustrated four page 
brochure on Magne-Speed “Junior” 
variable speed drives that are non-elec- 
tronic and have horsepower ratings of 
le to 45 hp. Speed range: approx. 
40:1. Range of speed adjustment; zero 
to full speed. Base of speed is 8000 
rpm. Weight of the drive less motor is 
61% lbs. The unit is sealed in for service 
at ambient temperatures ranging from 
32 to 110 F. Schematic diagrams and 
illustrations are included. Magnetic 
Amplifiers, Inc. 


Circle No, 132, Reader Inquiry Service Cards 
preceding back cover 


COLD FORMING STEEL BARS—Four- 
page folder on a special die-form proc- 
ess for the cold forming ef steel bars 
describes the process as a new method 
fer the cold reduction of steel bars 
into multi-diameter shaft blanks ready 
for finish turning or grinding. Appli- 
ances are one of the lines of products 
in which the new products find appli- 
cation. Advantages include savings in 
steel, less machining time, and lower 
scrap losses. Drawings and photographs 
illustrate the process and some of its 
applications. Bulletin No. ADV-746 also 
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The performance and the name are 
the same around the world 


Turbine-manufacturer and turbine-user reports show that 
Shell Turbo Oil is outstanding in stability, rust-protection and 
in anti-wear qualities. In addition, this oil now has special 
properties that permit the use of more highly loaded gears for 
MACHINERY MANUFACTURERS: Your cus- Shi lion and industriel enclications 
tomers abroad will receive the same dependa- ship propulsion and industrial applications. 


ble Shell Turbo Oil that your domestic customers Make Shell Turbo Oil your standard recommendation. 
enjoy. And this same uniformity applies to 


For complete information write Shell Oil Company, 
SHELL TELLUS OIL lubricant and control fluid 50 West 50th St.. New York 20. N. Y.. or 100 Bush 
for complex hydraulic systems 3 eat eee oo ee a = : 
: Street, San Francisco 6, California. 
SHELL ALVANIA GREASE multi-purpose indus- 
trial grease, and a complete line of other 


SHELL INDUSTRIAL LUBRICANTS 


SHELL TURBO OIL \\/ 
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Protect Your 
Printed Circuits 


against corrosion 
BEFORE SOLDERING 
DURING SOLDERING 
AFTER SOLDERING 


FLUXCOTE 
21-XR 


The liquid soldering flux with pro- 
tective coating characteristics... 


plus: 


® Smooth, fast action 
@ High insulation resistance 


®@ Light, tack-free, varnish- 
like protective film 
after soldering 


Whatever your printed circuit pro- 
duction, dip . . . spot . . . or area 
soldering you get full three-way 
protection against corrosion with 


Lonco Fluxcote 21-XR. 


@ REQUEST FREE 
TECHNICAL BULLETIN 
“*The Soldering of 
Printed Circuits”’ 


Also request free samples and 
data on other Lonco Products 
used in printed circuit manu- 


facture: INSULATING ROSIN FLUXES 
SEALBRITE COATINGS © SOLDER RESIST © FLUX REMOVERS 
FLUX THINNERS © OXIDE REMOVERS 


LONDON CHEMICAL 
COMPANY, Inc. 


ree 
aise 


fas ets 
bisa eels) 


1527 North 31st Avenue 
Melrose Park, Illinois 


briefly outlines capacity and limitations 
for the process. Republic Steel Corp. 


Circle No. 133, Reader Inquiry Service Cards 
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FLEXIBLE EPOXY POTTING, CASTING 
SYSTEM—Moderate cure at 75 C per- 
mits encapsulation of delicate, tempera- 
ture-sensitive electronic components 
with the 6900 Series flexible epoxy pot- 
ting and casting system described in a 
recently released technical bulletin. 
Other applications include the potting 
of coils, amplifiers, connector plugs, 
transformers, and submersible assem- 
blies, Encapsulated transformers have 
successfully passed the temperature 
cycling of MIL-T-27A, Conditions A, 
C. and D (—65 to 120 C). Thermal 
shock requirement of MIL-I-16923B, 
Types A. B, and C (—55 C to 130 C) 
have also been successful. 
Laboratories Inc. 


Houghton 


Circle No, 134, Reader Inquiry Service Cards 
preceding back cover 


CAST AND SINTERED PERMANENT 
MAGNETS—Superseding former catalog 
PM-100, a new 12-page catalog, PM- 
121, provides data on both cast and 
sintered permanent magnets. Included 
are information on magnet and mechan- 
ical properties, approximate _ toler- 
ances, magnet assemblies, and ordering 
information. Available shapes are de- 
scribed and illustrated. Metallurgical 
Products Dept., General Electric Co. 


Circle No. 135, Reader Inquiry Service Cards 
preceding back cover 


TEFLON-INSULATED 
HOOK-UP WIRE 
vide engineering information on Series 
106 hook-up wires made of concen- 
trically 


SILVER-PLATED 


Two data sheets pro- 


stranded silver-plated copper 
uniform 
Also available 


constructed of con- 


conductors insulated with a 
wall of extruded Teflon. 
is the Series 110, 
centrically stranded silver-plated cop- 
per conductor insulated with multiple 
layers of cross lapped, pinhole-free ex- 
truded Teflon tape, cured in place in 
order to form a homogeneous void-free 
insulation. Philadelphia Insulated Wire 
Co. 
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METAL STAMPINGS 
DRAWN PARTS—How 


save money 


AND _iODEEP- 
ingenuity can 
insuring precision 
and quality is discussed and illustrated 
in Bulletin No. 80, which shows typical 
microminiature 


while 


parts, stampings, and 
deep-drawn parts produced in a range 
of sizes. Data are provided on materials 
(titanium, molybdenum, stainless steel, 
aluminum, etc.) 
tumbled, ; and size lim- 
itations. Deep-drawn parts can be pro- 


finishes 
plated ) 


(electropol- 
ished, 


are you Riding 
a PLASTIC MOLDING 
NIGHTMARE? 


K & J service is the “‘tranquilizer" 
that will induce sweet dreams ..... 
remove your worries about what 
molding compound to use. .... 
what about dimensional accuracy? 

... is the piece designed for fast, 
economical production? .... . will 
specifications be followed to the 

and a hundred other 
plastic molding problems that K & J 
has been solving for years for 
hundreds of customers. 

For a better understanding of 
K & J's service to users of compression 
molded plastics send for brochure. 


KUHN & JACOB 
MOLDING & TOOL CO. 


1201 Southard St., Trenton 8, N.J. 
Represented by 


S$. C. Uliman 
55 West 42nd St., New York, N.Y 
Phone PEnn 6-0346 


Wm. A. Chalverus 
Carson Road, Princeton, N. J 
Phone 1-3170-J2 


Wm. T. Wyler 
Box 126, Stratford, Conn. 
Phone Bridgeport 7-4293 
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When you think of 


Think of Handy & Harman 


Because... 


@ Handy & Harman is the leading manufacturer of silver and silver alloys for industry. 


@ During 90 years in precious metals, Handy & Harman has helped develop many 
of the uses of silver by industry. 


@ Experience and research have established Handy & Harman as the Number 1 
authority on silver. 


This experience and knowledge is at your call. Whatever 
your silver requirements, Handy & Harman is anxious 


to be of service. = 
Here are some of the forms Handy & Harman manufactures: : Res = 


ns 


@ Fine Silver (wire, strip and foil) @ Silver electronic solders 
@ Silver anodes and grain for plating @ Silver sintered metals 


@ Silver contact alloys @ Solder - flushed silver alloys a —) = 
@ Silver powders i i i 


@ Silver chloride and oxide 
@ Silver flakes and paints @ Coin Silver (wire and strip) 
@ Silver brazing alloys @ Silver Bi-metals 


For your information file 


We have four Technical Bulletins giving en- 

gineering data on the properties and forms : : 

of Handy & Harman Silver Alloys. We Source of Supply and Authority on Silver Alloys 
would like you to have. any or all of those 

that ak interest you. Your request, 


by number, will receive prompt attention. HANDY & HARMA N 


Fine Silver . . + + + + + Bulletin A-1 General Offices: 82 Fulton St., New York 38, N. Y. 
Silver-Copper Alloys . - + « « « Bulletin A-2 > 


Silver-Magnesium-Nickel . . . . Bulletin A-3 OFFICES and PLANTS ¢ BRIDGEPORT, CONN. 
° ° . . ; PROVIDENCE, R. |}. © CHICAGO, ILL. e CLEVELAND, 
Silver Conductive Coatings. . . . Bulletin A-4 OHIO * DETROIT, MICH. © LOS ANGELES, CALIF. 
TORONTO, CANADA *® MONTREAL, CANADA 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





ideal for wear resistant parts 


CHEMISEAL NYLON 


COMPLETE SERVICE 


@ Extruded rods, tubing, special 
shapes. 
© Custom-machined parts. 


@ Injection Molded parts to speci- 
fication. 


nited 
tates 


For bearings, gears, cams, bushings, rollers, 
slides and other mechanical and electro- 
mechanical parts where wear resistance is 
essential—and often where no conventional 
lubricants, or no lubricant at all can be used 
—select Chemiseal Nylon (Zytel* 101). It is 
not only the best but the least expensive of 
the standard Nylon compositions. 


And this superior Nylon is backed by a 
fabrication service which is more complete 
than is provided by any other organization. 
It offers (1) an almost infinite variety of 
extruded rods, tubing and special shapes for 
your own production of parts, (2) high- 
speed, low-cost facilities for custom-machin- 
ing precision parts to your specifications and 
(3) large volume injection molding of parts 
for the ultimate in production economy. 

Send detailed dimensional drawings of 
parts and quantities required, or write for 
Bulletin N-1056. 


United States Gasket Company 
Camden 1, New Jersey 


asket Plastic Division 


OF THE GARLOCK PACKING COMPANY 


*du Pont trademark 
+U.S.G. trademark 


duced in sizes up to 2.75 in. OD and 
3.75 in. ID. Johnson & Hoffman Mfg. 
Corp. 
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CROSS REFERENCE RESISTOR CHART 

-Latest MIL-R-93A, MIL-R-9444, and 
commercial specifications for 24 types 
of encapsulated wirewound resistors are 
compared in a new cross reference 
chart. Reverse side of the chart con- 
tains helpful application notes. Shall- 
cross Manufacturing Co. 
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TRANSISTORIZED PLUG-IN COUNT- 
ING CIRCUITS — Illustrated 4-page 
booklet announces the first of expand- 
ing line of transistorized units. Two 
basic types have been developed: the 
plug-in or P series and the subminia- 
ture cartridge configuration, designated 
C series. Design and construction de- 
tails point up pertinent advantages, in- 
cluding a rugged resin embedment-type 
construction. Circuits set in this thermo- 
setting epoxy resin make them prac- 
tically impervious to shock, moisture, 
vibration and other environmental 
hazards. The Walkirt Co. 
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ELECTRICAL COMPONENTS—Complete 
with illustrations and diagrams, 8-page 
catalog describes available solenoids, 
coils and such electrical components as 
special band pass electronic amplifiers, 
wiring harnesses, and special electrical 
components made to special require- 
ments. Available are engineering and 
production facilities for designing and 
producing a wide variety of special 
products including electromechanical 
assemblies. Anderson Controls, Inc. 
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PREASSEMBLED SPRING WASHER 
STACKS—Compact energy “cartridges” 

which consist of preassembled stacks 
of multiple Belleville spring washers 
held together by pins or rivets passing 
through the washers at or near their 
neutral axis—is the subject of a 6-page 
bulletin complete with exploded views 
and schematic drawings. The “car- 
tridge” provides a compact unit which 
can be incorporated as a one-piece com- 
ponent in the final machine and as such 
is easier to handle and install than 
loose washers. Possible applications are 
listed. Associated Spring Corp. 
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BELT DRIVE DATA BOOK—Compleiely 
new 112-page engineering data book 
for the selection and design of Poly-V 
belt drive contains many useful charts, 
tables and diagrams along with com- 
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TYPE NH RELAY 
UP TO SIX POLES 
10 amp, 600 volts 
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Where long life and dependable 
relay control of electrical circuits 
are required, Westinghouse Type 
NH relays are ideal. They oper- 
ate efficiently on low current 
from pushbutton stations, tem- 
perature or pressure devices, 
limit switches, photoelectric or 
other controls. 

Case-hardened operating parts 
provide tough, 
wear-resisting sur- 
faces for longer 
operating life. 
Knife-edged mini- 
mum friction bearings, prevent 
binding or delayed action. 
Circuit continuity is further 
guaranteed by neoprene shock- 
absorbing mounting. Fine silver 


BACK COVER 
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WESTINGHOUSE CONTROL 


you caw BE SURE...1F ITS 


Westinghouse 


basic automation controls 


RELAYS 


contacts close with firm pressure, 
and low resistance. 

All parts, including coils and 
cores, can be easily removed 
from front. Readily changeable 
for adapting to voltages through 
600 volts. 

Supplied in any combination 
of normally open or closed con- 
tacts...up to six poles. Com- 
binations easily 
changeable in the 
field without addi- 
tional parts. 

Type NH is one 
of a full line of Westinghouse 
relays. 

Westinghouse Electric Corpo- 
ration, P. O. Box 868, Pittsburgh 


30, Pennsylvania. J-30257 





MAMCO MOTORS... 


CUSTOM BUILT FOR 
YOUR PRODUCT... 


QUALITY 
AT 
LOW 
COST 


Mamco’s staff of top-flight engineers can 
design fractional horsepower motors specifically for YOUR 
product . . . and Mamco’s highly efficient production organi- 
zation can produce those motors with the skill and guaranteed 
quality that comes with more than twenty years’ experience 
in this field. 

No need for you to be satisfied with standard line produc- 
tion motors that don’t quite fit your product. All Mamco 
motors are custom built for the hundreds of applications on 
which they are used. 

Mamco’s outstanding combination of engineering, quality 
control and skilled mass production facilities bring you motors 
.-.the way you want them, when you want them... 

at low cost! 


ar ne 


PLASTURBO* 


Blower Wheels BLOWER ASSEMBLIES 


The most sensational new develop- 
ment in blower wheels on the market 
today. Molded nylon with machined 
aluminum hub integral. 40% lighter, 
20% more efficient. Send details of 
your requirements. 

*Registered TM Patented 


Mamco blower assemblies are 
made in many sizes. All assem- 
blies employ PLASTURBO blower 
wheels. Call or write today . . . 


MASTER APPLIANCE MFG. C 


RACINE 2, WISCONSIN 


plete specifications for all drive sizes. 
Easy-to-use standard drive tables make 
possible the selection of proper poly-\ 
belts and sheaves for drives of any 
speed or horsepower rating without 
need for calculations. Text covers both 
theory and practical applications of the 
new Drive and contains many _illus- 
trated case histories. Manhattan Rubber 
Div.. Raybestos-Manhattan, Inc. 
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EXPANDED-SCALE A-C and D-C VOLT- 
METERS—One-hundred and twenty-six 
standard models of Expanded Scale AC 
and DC Voltmeters are listed and de- 
scribed in Data Sheet 875. Specifica- 
tions, photos, dimensional drawings and 
a convenient order table are included in 
the comprehensive four-page data sheet. 
Both military and commercial models 
are available in a wide range of shapes, 
sizes and voltage values. Beckman/- 
Helipot Corp., Division of Beckman 
Instruments, Inc. 
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WIDE-BAND OSCILLOSCOPE—Improve- 
ments in the vertical channel, high- 
voltage supply and ventilation system 
are characteristics of Model 411A oscil- 
loscope. Bulletin 411A points out such 
additional advantages as: “off the shelf 
delivery”; d-c to 10 mec bandwidth; 20 
mv/ecm sensitivity; and 0.035 microsec 
rise time. Six plug-in units provide 
versatility. Of particular interest in 
laboratory use are the sweep delay. 
gated marker generator and the dual 
trace plug-in units. Laboratory for 
Electronics, Inc. 


Circle No. 144, Reader Inquiry Service Cards 
preceding back cover 


REPEAT-CYCLE TIMERS—Functions of 
three basic miniature repeat-cycle 
timers are presented in a new bulletin 
that also provides data on dimensions 
for a-c, d-c, and 400-cycle units. Timers 
are available with cycling times from 1 
to 24 hours, depending on motor used. 
Operating voltages cover a wide range. 
Timers meet various military specifica- 
tions. including provision for radio- 
noise filter where desired on d-c units. 
Materials and finishes are either cor- 
rosion-resistant in themselves or treated 
to resist corrosion. Accuracy of cam 
setting is nominally specified as +6 
deg. The A. W. Haydon Co. 
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MIL POWER RESISTORS—Complete line 
of power resistors to meet requirements 
of MIL-R-26C (Fixed Wirewound 
Power-Type Resistors)—is the subject 
of Bulletin 12. Especially useful in ap- 
plications requiring high stability and 
reliability, the resistors feature Vitrohm 
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In BOBBIN CORES, you need PRECISION 


Ultra-thin tape for bobbin cores is rolled to 
high precision standards for thickness and 
finish on our own 20-high Sendzimir cold 
reducing mill, beta-ray controlled. 


Whil€ for BULLETIN TC-108 


“TAPE-WOUND BOBBIN CORES 
FOR COMPUTER APPLICATIONS” 


Includes essential data on applications and 
properties, fabrication and testing of Arnold 
Bobbin Cores; lists standard sizes, etc. 


ADDRESS DEPT. EM-75 


READER INQUIRY SERVICE CARDS, 


PRECEDING 


ee 
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BACK 


For use in shift registers, coincident 
cufrent matrix systems, pulse trans- 
formers, static magnetic memory ele- 
ments, harmonic generators and simi- 
lar equipment, Arnold Bobbin Cores 
meet the most exacting requirements. 
Quality and uniformity? You'll find 
them no problem—because, as a fully 
integrated producer with highly mod- 
ern facilities, we're able to maintain 
close control over every step. 
Arnold Bobbin Cores are available 
in a wide range of sizes, tape thick- 
nesses, widths and number of wraps 
depending on the ultimate use of the 
core. Magnetic materials usually em- 


COVER 


ployed are Deltamax, Permalloy and 
Supermalloy, in standard thicknesses 
of .001’’, .0005’’, and .00025’’. Core 
properties include quite rectangular 
hysteresis loops, relatively low co- 
ercive values and high saturation 
densities, plus the ability to shift in 
a few microseconds from negative 
remanence to positive saturation, and 
vice versa, under conditions of pulse 
excitation. ® Let Arnold supply your 
requirements for Bobbin Cores—or 
other tape-wound cores, powder 
cores, permanent magnets, etc.—from 
the most complete line of magnetic 
materials in the industry. 


wsw 6399 





vitreous-enamel construction, a wide se- 
lection of wattages and resistances, and 
minimum possible size for ratings. They 
are offered in Characteristics G, V or 
Y, and in three basic styles: stack- 
mounting, tab-terminal, and axial-lead. 
Ward Leonard Electric Co. 
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BRAZING AND PROCESSING STAIN- 
LESS STEEL — Entitled “Experimental 
and Production Brazing and Processing 
of Stainless Steel” is a 4-page catalog 
| “SD-24” that describes and illustrates 
the special facilities and skills avail- 
able to the user of parts fabricated of 
stainless steel, titanium and special al- 
| loys. Typical parts produced are illus- 
trated and a cross exampling of avail- 
able equiment and machinery shown. 
Stainless Processing Div., Wall Col- 
| monoy Corp. 
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| TRANSISTORIZED SEMICONDUCTOR 

CONVERTERS AND INVERTERS—Full 

technical details are provided in an il- 

lustrated catalog sheet on the transis- 

| torized converters and inverters. The 

| converter converts low voltage d-c into 

| higher voltage d-c or a-c, and is said to 

eliminate many of the drawbacks in- 

if ‘a herent in conventional mechanical vi- 

brators and rotary equipment. Applica- 

ou ‘ . tions include the powering of all types 

y - | of battery-operated equipment, military 

electronics equipment, and communica- 

tion systems. Also available is a 7-page 

technical bulletin providing operational 

characteristics, design data, and other 

useful engineering information. Elec- 
tronic Research Associates, Inc. 


need 
chemical and solvent resistance 
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...count on Pienco | 


ELECTRONIC CONTROL ASSEMBLIES — 


Brochure on electronic control assem- 


PIPE GOING IN—into earth potent with destruc- | blies and complex electronic gear de- 


tive forces: Water, solvents, acids and alkalies: 
salts, fungi, bacteria and electrolytic action. That's 
why special Plenco formulations are being used 
for the production of underground pipe drain 
fittings. 

Of course, no one material can give complete 
protection from all these factors in all degrees, 
indefinitely. Plenco phenolic molding compounds, 
however, have much to offer on applications of 
this type and others. Their insoluble, infusible 
and chemical resistant character has shown an 
increasing variety of manufacturers that you can 
count on Plenco. ni op 


PLASTICS ENGINEERING 
COM PANY Sheboygan, Wisconsin 


Serving the plastics industry in the manufacture of high grade phenolic molding compounds, 
industrial resins and coating resins. 


| scribes the range of products that can 
be produced. Facilities are available for 


the production of such a diverse equip- 
ment as missile test equipment, auto- 
mated devices, communications equip- 
ment, and many types of electronic 


| control devices for aircraft. Tape re- 
| corders and associated equipment can 
| also be produced. Cook Electric Co. 
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PRECISION SWITCHES FOR CONTROL 
| —Precise, reliable switching compo- 
| nents are the subject of an illustrated 


four-page brochure emphasizing the 
manufacturers concentration on such 
products and presenting data on basic 
switches for controlling and sensing 


| motion, interlocking circuits; rotary 


selectors; pushbuttons; and _ toggles. 
Also shown and briefly described are 
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Allen-Bradley 
TYPE K 


hot-molded 
composition 


VARIABLE 
RESISTORS ge 


rm Cath 
The new Type K Allen-Bradley variable resistor was developed H t 
primarily for the high temperatures that are common in so en ted S 
many military applications. In terms of the graph shown to i ie x rg 
the right, the Type K control has an ultraconservative rating 0 mi 
of 3 watts when operating in an ambient temperature of 70° 
C. Also, according to the graph, the Type K potentiometer 
provides reliable performance when operating at a tempera- 
ture of 150° C—under “no load” conditions. However, for 
the first time, a variable resistor is being offered with a con- 
servative rating of 2 watts under 100° C ambient temperature 
operating conditions. With its reliability remaining constant, 
the graph suggests that the new Type K potentiometer should 
find many applications in military electronic equipment. 





A remarkable fact is that the new Type K control incor- 
porates all the features that have made the Type J Bradley- 
ometer the Quality standard of the industry. With the hot- 
molded resistance type element, control is smooth and with- 
out abrupt resistance changes. The “noise” characteristics are 
extremely low, even after the control has been in long use. 


Where the combination of reliability and operation at high 
temperature is a must, it will pay you to investigate the new 


sical taal eT eee a ee 
Type K Allen-Bradley Quality control. Please write for 90 110 130 
Bulletin 5200A. AMBIENT TEMPERATURES °C 
Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. 


In Canada— 
Allen-Bradley Canada Ltd., Galt, Ont. 


ALLEN-BRADLEY 
RADIO, SLaCTRONN’ AND TELEVISION COMPONENTS 


—s a 
=] QUALITY S> 





ALLEN-BRADLEY E 


UA aD ST Ta ital hd 
showing how elements are 
molded in 


Va ri ab | co one integral unit 
resistors 
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able resistor that is not affected by moisture, heat, cold, 
or age... the Allen-Bradley units are the answer. The 
solid “one piece” hot-molded structure has insulation, 
terminals, faceplate, and threaded bushing imbedded in 
Te OCC Oe StU O CO Ne Como onan ae Cee 
Tr OO CR mr mr mi moms etn 
—it can be made to satisfy PUR CoS Cie eor cee Lect 
curve. Write for full details, today. 


SOLID 
HOT-MOLDED 


in one integral structure 
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door interlocks. Typical applications 
are listed. Micro Switch, Division of 
Minneapolis-Honeywell Regulator Co. 
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ZINC ALLOY DIE-CAST AND THERMO- 
PLASTICS MOLDED PRODUCTS—L isted 
in a new catalog are 67 different types 
of zinc alloy die-cast and thermoplastic 
molded products, as well as small spe- 
cial parts made to specifications. Sec- 
ondary operations performed are also 
reviewed. Standard zinc alloy die-cast 
stock products are described under four 
major types of applications. Gries Re- 
producer Corp. 
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SMALL CONTROL TRANSFORMERS— 
Described in Catalog 956 are control 
transformers of the normal reactance 
type, designed to supply various low 
voltages for many types of industrial 
equipment, as well as electrical house- 
hold appliances from 115, 230, 460 or 
575 volt circuits. These transformers 
are said to meet the requirements of 
Underwriters’ Laboratories for  air- 
cooled transformers and are designed 
for continuous operation with low 
power loss; or will operate at full 
power with rated secondary voltage for 
intermittent duty. Suggested applica- 
tions are included. Hindle Transformer 


Co., Ine. 
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ELECTRONIC AND ELECTROMECHA- 
NICAL PRECISION PRODUCTS—Gen- 
eral catalog describes company prod- 
ucts in its Relay, Avionics, and RF 
Systems and Components Division. The 
Electronic Specialty Co. 
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TIMERS AND COUNTERS—Series of 
Data Sheets bound in a loose-leaf folder 
covers a range of timers and counters, 
including a count switch; a hand set 
time delay relay; reversing timers; and 
many other models. Additional pages 
are devoted to packaged controls and to 
synchronous motors. Wiring and mount- 
ing information are provided. Eagle 
Signal Corp. 
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TUBULAR AND FLAT POWER WIRE- 
WOUND RESISTORS—Twelve page cata- 
log provides comprehensive data on 
construction, characteristics, coating 
and insulation identification. The spe- 
cial coating is said to have excellent 
characteristics for heat conduction, in- 
sulation, protection against heat, cold, 
humidity and fumes, as well as exhibit 
excellent mechanical strength. Tables, 
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Your Electro-Tech “Rep”... 


stocks a complete line of 
impregnated and coated insulations 


You get all the advantages of one- 
source buying when you deal with 
your nearby Electro-Tech distributor. 
He stocks Electro-Tech’s com- 
plete line of coated and impregnated 
paper, cloth, glass cloth and asbestos 
cloth insulations in rolls, sheet and 
tape. Thus, you can pick the insula- 
tions that give you the exact dielectric 
and mechanical strengths, tempera- 
ture and moisture resistances, light- 
weights and flexibility you need. 


His stocks enable him to offer you 


immediate delivery and special 
scheduling . . . enable you to reduce 
your inventory. 

Then, too, your Electro-Tech rep- 
resentative is an expert on recent 
insulation developments and applica- 
tions. He’s backed by the Electro- 
Tech staff, laboratories and facilities 
—where custom-built insulation fre- 
quently can be manufactured at mass- 
production prices. For the name and 
address of your nearest Electro-Tech 
distributor, write: 


Electro-Technical Products 


Su 


DIVISION OF 
Sun Chemical Corporation 


Dept. £-24-52, 113 East Centre Street, Nutley 10, N. J. 


DIVISIONS OF SUN CHEMICAL CORPORATION 


HORN (paints, maintenance and construction materials, industrial coatings) + WARWICK (textile and 
industrial chemicals) >» WARWICK WAX (refiners of specialty waxes) » RUTHERFORD (lithographic equip- 
ment) + SUN SUPPLY (lithographic supplies) * GENERAL PRINTING INK (Sigmund Ullman + Fuchs & Lang + 
Eagle « American + Kelly * Chemical Color & Supply Inks) » MORRILL (news inks) +» ELECTRO-TECHNICAL 
PRODUCTS (coatings and plastics) > PIGMENTS DIVISION (pigments for paints, plastics, printing inks of 
all kinds) * OVERSEAS DIVISION (export) + A. C. HORN COMPANY, LIMITED (Canada) + GENERAL 


PRINTING INK CORPORATION OF CANADA, LIMITED - 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


FUCHS & LANG de MEXICO, S. A. de C. V. 
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with WALES Fabricator-Duplicator 


@ The WALES Fabricator combined with 
WALES positive Duplicator is the modern, 
low cost answer to printed circuit hole 
punching. You get holes with sharp defini- 
tion, clean walls and minimum bell mouth. 
This equipment is perfect for short runs 
from one piece to thousands. Change dies 
for hole sizes in seconds with a range up to 
342” dia. Accuracy is automatic and posi- 
tive. Make your own templates, too, on the 
Fabricator. No need for drill- 

ing machines or jig-borers. 

The WALES Fabricator - 

Duplicator is a complete 

punching shop in itself. 


SEND FOR BULLETIN NO. 12D 


Complete specifications and capacities 
are yours for the asking. 


OIF OMPANY 


A NIT OF HOUDAILLE INDUSTRIES, IN 


AKRON, NEW YORK 


WALES-STRIPPIT OF CALIF., SOUTH GATE, CALIF 
WALES-STRIPPIT OF CANADA LTD., HAMILTON, ONT 


Wee eee te ae 





text and illustrations provide informa- 
tion on the resistors, in both standard 
and nonstandard sizes. Also available 
are noninductive tubular resistors. In- 
ternational Resistance Co. 
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COIL WINDING MACHINES—New 62 
page catalog, No. 57, illustrates and 
describes 48 coil winding machines of 
which 18 are newly developed models. 
The various types wind virtually all 
types of coils, including bobbin, re- 
peater, resistor, solenoid, and trans- 
former types. Also: variable pitch, ar- 
amture, field, toroidel, space-wound, 
lattice-wound universal, continuous re- 
sistance and deflection yoke coils. Also 
pictured and discussed are related 
equipment including a newly developed 
wire scraper and wire insulating equip- 
ment. Geo. Stevens Mfg. Co. 


Circle No. 156 on Reader-Service Cards 
preceding back cover 


GENERAL PURPOSE RELAYS—A-C and 
D-C general-purpose relays are the sub- 
ject of an eight page Engineering Bul- 
letin featuring the 98000 Type A-C and 
D-C general-purpose relays. Also in- 
cluded is information on special con- 
structions and on the 97000 Type 
designed for application requiring ad- 
ditional coil power and increased relay 
contact actuating force. RBM Division, 
Essex Wire Corp. 
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MAGNETIC AMPLIFIERS — Data and 
specifications on 400 and 60 cycle mag- 
netic amplifiers are provided in a 16- 
page product catalog. Each product is 
illustrated and described. Its features 
and average characteristics are listed. 
Transfer Networks and a Vibration 
Testing Machine are among other prod- 
ucts described. Litton Industries, Mary- 
land Div. 
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POWER TRANSISTORS—One-page bul- 
letin describes the X30 Series of n-p-n 
grown junction power transistor suit- 
able for high reliability applications 
requiring high power output in the 
radio frequency range. Operating tem- 
peratures may vary from —65 to 150 C. 
Tables list ratings and characteris- 
tics. A suggested test circuit and illus- 
tration of the transistor itself are in- 
cluded. Bogue Electric Manufacturing 
Co. 
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CONSTANT-FORCE SPRING REVIEW— 
Recently issued are the Neg’tor sketch- 
book, a two-page publication to be 
issued at regular intervals will present 
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Serving Industry with These Products: 


Electromechanical — Resistors ® Switches ¢ Tuning Devices ¢ Vibrators 
Electrochemical — Capacitors © Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts © Special Metals ©* Welding Materials 


Parts distributors in all major cities stock Mallory 


standard components for your convenience. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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A lot of 


manufacturers 


depend on 


MALLORY 
Motor Starting 


Capacitors... 


as part of their engineered product de- 
pendability. They know that with a 
Mallory capacitor, they’ve used the best 
—from the world’s largest manufacturer 
of motor starting capacitors. 


A lot of manufacturers know, too, that 
these dependable units will cut down 
the expense and embarrassment of field 
failures, because Mallory’s reputation 
has been built on years of trouble-free 
service in all kinds of applications— 
under all kinds of conditions. 


It’s also well known that Mallory motor 
starting capacitors offer longer operating 
life—and indefinite shelf life; are avail- 
able in a broad range of standard types; 
assure precise capacity; are of moisture- 
proof construction. 


@ There's a booklet—‘'Electrolytic Motor 
Starting Capacitors’’—that gives a lot 
of valuable information on the applica- 
tion and construction of the Mallory 
capacitors. A copy is yours for the asking 
—write us, or check with the Mallory 
representative for Bulletin 4-21. If it’s a 
special design or application problem 
that’s bothering you, call on the Mallory 
engineering design service for assistance. 


P.R.MALLORY & CO. inc. ® 


MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 





Millivoitmeters Alternating and 
Voltmeters Direct Current 


Microammeters REFERENCE STANDARD 


Milllammeters 


eames, PANEL INSTRUMENTS 


Ratiometers WITH ACCURACIES TO .25 OF 1% 


Polyrangers AND SCALE LENGTHS TO 7 INCHES 
Frequency instruments 


Differential gaivanometers 
GM instruments 





CORRESPONDENCE INVITED 
WITH YOUR SPECIFICATIONS 


SENSITIVE RESEARCH 
INSTRUMENT CORPORATION 








TINNED ARMATURE BANDING WIRE | 


—Stainless or Carbon Steel 


STAINLESS * The many superior qualities of 
PAGE Stainless Tinned Armature Banding Wire 
have made it the choice of leading motor manu- 
facturers. PAGE superior tinning facilitates solder- 
ing. It has high tensile strength (200,000 psi and 
up) for compactness...low permeability and high 
resistance for greatest efficiency. It is non-corro- 
sive for safety and long life. More economical than 
bronze, as smaller diameter can be used. 


CARBON STEEL + Inexpensive tinned banding wire for 
lower-priced motors. Available in three grades: A, B, and C1. 


The high strength of Cl is an advantage where light weight 
must be achieved. 


All above wires shipped on 50-to150-pound reels 
Wire or Write our Monessen, Pa., office for full information 


Page Steel and Wire Division 
AMERICAN CHAIN & CABLE 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Portland, Ore., 
San Francisco, Bridgeport, Conn. 


comments on the characteristics and 
functions of a commercially available 
constant type of force spring, along 
with actual applications and recom- 
mendation data. Issue number one in- 
cludes a short article on “The Meaning 
Of Constant Force.” Hunter Spring Co. 
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RESISTORS — Data in Bulletin GEA- 
6592 is presented under three headings: 
Vitreous-Enameled Resistors; High- 
Capacity Resistors; and Selection Data. 
In the first section information is pro- 
vided on stock resistors in eight popu- 
lar ratings of fixed units and seven 
popular ratings of slide-wire units. 
Information is also presented on special 
resistors. The section on High-Capacity 
Resistors describes smoothwound, edge- 
wound, and openwound resistors with 
high current capacities in a wide range 
of ohmic values. General Electric Co. 
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FLUSH-MOUNTING PANEL METERS— 
Data sheet describes 1144 in. flush- 
mounting panel meter specifically de- 
signed for use on edge-lighted panels. 
The meter, designated Model 155, is 
provided with an external shroud that 
permits mounting from the front with 
minimum projection from the panel 
surface. Two types of construction are 
available, one equipped with a water- 
tight seal which has been tested suc- 
cessfully in accordance with the en- 
vironmental requirements of MIL-M- 
3823. The other model is equipped with 
a seal designed for commercial appli- 
cations. International Instruments, Inc. 
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HOW TO INSULATE A CABLE—Twenty- 
eight-page booklet includes how to in- 
sulate a cable explains four commonly 
used methods employed by manufac- 
turers for applying insulation to elec- 
trical conductors. Advantages and 
disadvantages of each method are de- 
scribed in nontechnical language. Use- 
ful engineering reference data are 
provided in Bulletin 1106. The Okonite 
Co. 
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WIRES AND CABLES FOR ELECTRONIC 
WIRING—Wires and cables for com- 
mercial and military service are avail- 
able in standard and made to order 
series. Data are provided on the insula- 
tions available and specifications for 
appliance, military hook-up, and flame- 
retardant high-voltage wires. Additional 
descriptions and illustrations are de- 
voted to other products in the line, 
including phonograph pick-up arm 
cable, shielded twisted pair cable, and 
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ee here’ ¢ a riddle that’s easy to answer... 


WHAT IS THE MOST MODERN FITTING 
ON TODAY'S MARKET 
THAT'S BUILT TO LAST AND LAST? 


brand new... 


KILLARK 


Plugs and Receptacles 















Here's truly a specialized electrical fitting discovery of value to you— 
the result of years of research. And because the brand new Killark Plugs 
and Receptacles are designed for years and years of service, they offer 
your customers the performance they are looking for . . . you the profits 
you want. Check these made-to-last features: 


e TWO TYPES... explosion proof and weather proof. 
e SIZES... from 15 to 100 amp. 


e@ MANY STYLES... built of special Killark aluminum alloy for 
long-life, trouble-free operation. 


Write for this 

FREE ILLUSTRATED LITERATURE 
—lists sizes, specs, other 

useful information. 


Atomaret — A fitting name to remember. 





SERRE RCE criner 


LECTRIC MANUFACTURING ‘COMPANY 






















: Vandeventer and Easton Aves. St. Kouls 13, Missouri 
@ Atlanta 69 Mills St., N. W. Dallas 1903 Griffin $1. Philadelphia 2014 Chancellor St. 
SALES OFFICES and Boston 49-51 D St. _ Denver 1073 Galapago — Pittsburgh 4830 McKnight Road 
WAREHOUSE STOCKS Buffalo 278 Johnson St. s E 
- Chicago 1528 West Adams St. Detroit 8319 Mack Ave. San Francisco 714 Harrison St. 
—. Cincinnati 1031 Meta Dr. Los Angeles 412 Seaton St.” Seattle 4130 First Ave., So. 
CS ea LSE ERK eR as eR. i we 
SALES OFFICES, Baltimore 11 W. 25th St.) Kansas City, Mo, 616 W. 26th St. | New York 600 W. 18ist St 
i Columbus 2700 E. Main St. Minneapolis 826 Andrus Bidg. ea 






Sales Offices and Warehouse Stocks throughout Canada 


We'll Build. 
a MOTOR 
fo your 


" 


specifications 


at NO 
OBLIGATIO 


Put the Scruggs reputation 
for ingenuity and skill to 
your test. Send us your 
specifications and we'll 
design a custom motor to fit 
your needs at a standard price. 


For more than twenty years 
Scruggs has concentrated on 
the development of precision 
instruments to fit the specific 
needs of manufacturers. 
High production 

standards allow us to 
produce them at 

standard costs. 


You’ll find Scruggs 

motors outstanding in 
construction and lasting 
qualities. Let us “tailor 
make”’ a motor to fit 

your needs... write 

Loyd Scruggs Co., Festus, Mo. 


oy Crug g 


LOYD 
SCRUGGS 


e 


COMPANY 
FESTUS, MISSOURI 


ol 3) 


as 


coaxial cable. Among other products 
available are rotor cable, appliance 
wire, and _ photoelectric cell cable. 
Chester Cable Corp., Subsidiary of 
Miami Copper Co. 
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PRECISION FINE PITCH GEARS—TIllus- 
trated brochure discusses precision 
gears as compared to commercial gears 
and the methods and equipment em- 
ployed in producing the precision types. 
The necessary quality control measures 
are discussed and recommended gear 
data formats included for use in re- 
questing quotations and cost estimates. 
Illustrations show such representative 
precision gears produced as: spurs, 
helicals, bevels, hypoids, and sectors 
and racks. Also: Zerols and Spiroid 
gears. Precision Gear Dept., Fairchild 
Camera and Instrument Corp. 
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SLIDE CHART ON MACHINING STAIN- 
LESS—Pocket-size slide chart on ma- 
chining stainless steels gives on one side 
concise data on turning, drilling, tap- 
ping, threading, milling and reaming 
operations. It tabulates speeds and 
feeds, and gives special notes on drill- 
ing, tapping, lubrication and welding. 
Other side shows relative workability of 
stainless steels in a wide variety of op- 
erations. An inserted slide moves to 
show at a glance the machining data 
desired. The Carpenter Steel Co. 
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MEDIUM - POWER TRANSISTORS 
Series of medium-power transistors de- 
signed for operation in the power 
spectrum ranging from 100 to 350 mil- 
lowatts are described in a series of data 
sheets. The transistors, featuring com- 
pany-developed process of liquid filling 
the transistors are germanium, p-n-p 
alloy junction types. Applications in- 
clude use as audio amplifiers in porta- 
ble radios, as driver units for power 
transistors, in d-c converter units and 
other applications. Motorola Inc. 
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SILICON-IRON MAGNETIC TAPES— 
Descriptive data on silicon-iron mag- 
netic tapes are provided in a new bul- 
letin that follows on company’s recent 
appointment as distributor for thin 
electrical steels or magnetic tapes, 
marketed by the distributor under the 
trademark SiFeMag. Tapes are avail- 
able in thicknesses of 1, 2, 4, 5 and 7 
mils, in less than mill quantities and in 
narrow widths. They are slit to customer 
specifications. Data provided cover such 
engineering specifications as_ size, 
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How designers and production men work hand in hand 
to keep production up ... assembly costs down 


To keep production high and costs low, Motorola 
designers specify the best fasteners that can be bought 
—Parker-Kalon Self-tapping Screws. They know 
that the price paid for fasteners is but a small fraction 
of the cost of using those fasteners in production. 
Because P-K Self-tapping Screws consistently start 
right . . . drive right . . . and stay tight, Motorola 


PARKER-KALON DIVISION, General American Transportation C 


guards against assembly slowdowns and costly sal- 
vaging of damaged parts. 

This example is typical of thousands of cases where 
designers help production men turn out a better 
product faster—and at less cost—by specifying P-K 
Self-tapping Screws. This simple fact is being proved 
day after day ... “if it’s P-K, it’s O.K.” 


or poration 


PARKER-KALON 


fasteners 


Sold Everywhere Through Leading Industrial Distributors 


Factory: Clifton, New Jersey—Warehouses: Chicago, Illinois—Los Angeles, California 
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Kearfott Series R900 Synchros 


.. are not selected, but are built 
to the specific degree of accuracy 
required. The accuracy of each 
class and the distribution of errors 
within each class, is a function 
of rigid quality control. The curves 
below indicate the degree of 
accuracy of three classes of 
synchros. The distribution of errors 
in each class is indicated in the 
cross-hatched area beneath each 
curve. 


ACCURACY 
YOU 
REQUIRE 


7'|\SYNCHRO 


10'|SYNCHRO 


MAXIMUM ERROR FROM 
ELECTRICAL ZERO 


Kearfott Series R900 Synchros are characterized by high 
accuracy, corrosion resistance and new high temperature 
stability. Units available for early delivery. 


KEARFOTT COMPONENTS 
INCLUDE: 


Gyros, Servo Motors, Synchros, Servo 
and Magnetic Amplifiers, Tachometer 
Generators, Hermetic Rotary Seals, 
Indicators and other Electrical and 
Mechanical Components. Kearfott 
Systems include Directional Gyro 
Compass Systems, Three Gyro Stable 
Platform Systems ond Inertial Navi- 
gational Systems. 


earfott 


Send for bulletin giving data of com- 


ponents of interest to you. A SUBSIDIARY OF 


MEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Soles ond Engineering Offices: 1378 Moin Avenve, Clifton, N. J. 
Midwest Oitice- 158 W. Rondolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dollas, Texos 
West Coost Office: 253 N. Vinedo Avenue, Pasodenc, Calif. 


t\\\\“ 
io 


| enameled 


| data 


weight, tolerances, insulation, and me- 
chanical and physical properties. Mag- 
netic properties, core losses, and ap- 
plication data are also 
Thomas & Skinner, Inc. 
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presented. 


RESISTORS AND RHEOSTATS— Resistor 
selection data are provided in an illus- 
trated catalog presenting specifications 
for a wide range of resistors and rheo- 
stats. Available products include fixed 
resistors; adjustable enam- 
eled oval resistors and 
vitreous axial resistors. Also listed are 
new printed circular resistors, among 
others. Included in the line of available 


rheostats are dustproof, caged and 360- 


resistors ; 


| deg models. Tru-Ohm Products, Div.. 


Model Engineering & Mfg. Inc. 
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TEN-TURN DIAL—The Digitdial, a 


digital turns-counting dial is the sub- 


ject of Data Sheet 54-91. The new 10- 


| turn dial reads directly in full turns, 


tenths and hundredths—no interpola- 
tion necessary. The new dial can be 
read at extreme angles of vision. Heli- 
pot Corp., Div. of Beckman Instruments, 
Inc. 
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PRECISION FILM RESISTOR—Two-page 
sheet describes the Vamistor, a 
precision film resistor in which the re- 
sistance element, actually a ribbon of 
metal, is thermally fused to the inside 
wall of a Steatite tube having silver 
terminals fired to each end. Plated 
brass terminal caps with tinned copper 
wire leads are attached to the silvered 
ends of the tube and the entire unit 
molded in epoxy resin to protect the 
resistance element. Weston Electrical 
Instrument Corp. 
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DEVELOPMENTS IN FOTOFORM GLASS 
—Entitled, “New Developments in 
Corning Fotoform Glass,” four-page il- 
lustrated brochure gives detailed infor- 
mation on four types of Fotoform glass; 
how they are made; how they differ; 
and their specific and potential uses and 
design. Production data is provided. 
Application information on the use of 
the glass in electronics and other equip- 
ments are reviewed. Corning 
Works, Electrical Products Div. 
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Glass 


SEMICONDUCTOR ENGINEERING AIDS 
—A series of aids developed for those 
engaged in the design, development, 
production and application of semi- 
conductors, are presented in a four 
page catalog that includes a Periodic 
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of a series of ads 
dealing with basic 
facts about 


Designing for Product Improvement 


~~" With WILCO THERMOMETAL 


Thermometal in Thermometers 


Thermometal is a composite material 
of two or more different metals with 
unequal coefficients of expansion. The 
difference in rate of expansion causes 
it to change shape with changes in 
temperature and, if restrained, to build 
up force. 

This basic fact is of great industrial 
importance, for it makes possible the 
application of Thermometal in several 
broad categories. One of these is in 
Temperature Indication, as in Ther- 
mometal thermometers. 

Thermometal offers five extremely 
important advantages in this type of 
application: 

1, [Thermometal lends itself to sim- 
plicity of design within the temperature 
range of —100°F to 1000°F. All that 
is required is an actuating thermometal 
element, a shaft to transmit motion, 
and a dial and pointer. 


SPIRAL THERMOMETAL 
y, 


ANCHOR 


bat taulelul i ime die Lee tt da 


ANCHOR 
SHAFT 


HELIX \ THERMOMETAL 


ER 


Thermometal helix used to rotate shaft 


9, Its inherent strength and rugged- 
ness enables it to resist considerable 
mechanical shock and vibration with- 
out suffering fracture or distortion. 

3, It meets perfectly the specific 
needs of low cost, high volume pro- 
duction. 
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4. Thermometers made with Ther- 
mometal can be subjected to tempera- 
tures above and below their indicating 
temperature range without damage or 
loss of calibration. 

5. Long mechanical linkages can 
be used between the source of heat 
and the temperature indicating dial. 
This permits easy reading of tempera- 
tures without having to remove the 
thermometer from the source of heat. 


Basic shapes 


Thermometal can be made to per- 
form simple rotary motion. In tem- 
perature indicating devices, two basic 
shapes are used to produce this motion: 

Spirals of varying diameters and 
widths; and helices of varying lengths 
and diameters. 

The choice of shape is dictated by 
the design and application of the 
thermometer. In the flat type, a spiral 
is used. 


In the stem type, a helix is used. 


Selection of Thermometal 
Four performance factors generally 
govern the selection of Thermometal 
for thermometers. 


; range Ove! 
desired. 
imum and 
re to which the 


j 


bjected. 
3. Mechan 
resist vibratior 
-t1i0)Nn. 
4. Space 
momete! 

The H. A. Wilson Company is the 
American pioneer in the development 
and manufacture of thermostatic 
metals. We produce over 40 metals for 
this use. Also we make a complete line 
of electrical contacts for use with 
Thermometal. 

Reprints of this series are available 
on request. For further information 
about our products, ask for the Wilco 
Blue Book, the most complete refer- 
ence manual ever written on Thermo- 
metal. And if you 
have any immediate 
application prob- 
lem for Thermo- 
metal or other 
Wilco products, 
please tell us. Our 
engineering service 
is at your disposal. 


THE H. A. WILSON COMPANY 
2655 U. S. Route 22, Union, New Jersey 
Branch Offices: Chicago * Detroit * Los Angeles * Providence 
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LOOK TO TOBE FOR PROGRESS 
SS One: LN RIRRTNMNREE eee 


electronic 
interference 
filters 


TOBE brings unequalled experience to 
the solving of your filtering prob- 
lems. TOBE’S advanced design- 
techniques, and the technical data 
accumulated by TOBE filter special- 
ists over the years, meet your prob- 
lems with solutions that are quicker, 
more efficient, and more reliable. For 
all your filtering needs, look to TOBE 
DEUTSCHMANN, the oldest name in 
interference filters. 


TOBE FILTERETTES, available in wide 
range of ratings, sizes and mounting 
styles, are engineered to operate 
under the most severe environmental 
conditions. 


spec 


TERETTES 


FOBE DEUTSCHMANN + CAPACITOR PIONEERS SINCE 


Tobe Exclusives: 


Feed-thru capacitor construc- 
tion in filterettes. 


Miniaturization with maximum 
quality. 


Guaranteed attenuation char- 
acteristics—under full-load op- 
erating conditions. 


We invite inquiries on specific 
applications. The services of 
our engineers are always avail- 
able. Write TOBE-DEUTSCHMANN 
Corporation, Norwood, Mass., 
the acknowledged authority on 
electronic interference — manu- 
facturers of “FILTERETTES” 


1929 


Chart of the Elements, a chart of Phys- 
ical Properties of Pure Elements used 
in semiconductor production, as well as 
a complete listing of all metals and al- 
loys used in semiconductors. Anchor 
Metal Co., Inc. 
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MAGNETIC-CORE DELAY LINES—Sub- 
ject of a new illustrated pamphlet are 
magnetic-core delay lines developed to 
provide economical and versatile low- 
loss high-impedance delay elements. 
Feature of the design is the continuous, 
uniform, flexible, low-loss magnetic core 
that is said to effectively increase the 
impedance and the unit and delay of 
the delay line. The construction is also 
said to reduce transmission losses 
drastically, so that in pulse work, ex- 
tremely fast rise times can be obtained. 
Columbia Technical Corp. 
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SYNCHRONOUS TIMING MOTORS — 
Bearings that require no lubrication and 
are designed for use in timers subjected 
to temperatures up to 165 F are a fea- 
ture of a new line of synchronous-tim- 
ing motors described in data sheet 
Form No. 150. Applications listed in- 
clude electric-range timers, animated- 
display timers, and timers for packag- 
ing and plastics molding machinery. 
Detailed drawings illustrate a variety 
of standard-brass pinions and ratchets 
applications. The Lux Clock Manu- 
facturing Co. 
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THIN ELECTRICAL STEELS—Containing 
54 pages, “Thin Electrical Steels” pre- 
sents to designers of electrical equip- 
ment, test results on three types and 
five different thicknesses of thin electri- 
cal steel. The electrical steels are insu- 
lated iron-silicon alloys of exceptional 
magnetic qualities designed for applica- 
tions involving frequencies of 400 to 
200,000 cps and for pulse components. 
They are made in strip 1, 2, 4, 5 and 7 
mils or thousandths of an inch thick. 
Armco Steel Corp. 
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BIMETAL DISK TYPE THERMOSTATS 
—New line of Type A bimetal disk- 
type thermostats for electronic, appli- 
ance and industrial applications is the 
subject of Bulletin 3000. Punched for 
insertion in three-ring binders, the bul- 
letin covers operating principles, vari- 


| ous mounting arrangements, and her- 
metically sealed and  semienclosed 


styles. Stevens Mfg. Co., Inc. 
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Now 2 standard line 


POWERSTAT 


VARIABLE TRANSFORMERS for 
HIGH FREQUENCY APPLICATIONS 


HS SERIES 


— % the weight — ‘2 the size of 60 cycle units 


Designed for use in high frequency control systems where weight 
and space must be minimized, these POWERSTATS are ideal for ship, 
aircraft, guided missile and other 400/800 cycle applications. 


Listed are some of the standard line of POWERSTATS for high fre- 
quency applications. However, many high frequency requirements 
necessitate designing to individual needs. The Superior Electric Com- 


pany will be pleased to work with you on the design of POWERSTATS 
to satisfy new or unusual needs. 


MANUALLY-OPERATED MODELS MOTOR-DRIVEN MODELS 


APPROX. SPEED —_ - 
WEIGHT OF 
were (POUNDS) STANDARD TRAVEL POUNDS) 
SHIP IN 
TYPE 


MOTOR 
DRIVES SECONDS] NET | * PING 








fom [2a | ee ee 
a Pavenoe |e [as 


120 Volt A-C, 45 
400 Cycles 
400/, or Open Knob 34 38 28 Voit D-C 
mo Open Lacted ord 
fom 120 Volt A-C, 55 
400 Cycles 
400/800] 0-120 or Knob 160 [OMIMLISU | 28 Volt D-C ete 
120 Volt A-C, 
400 Cycles 
400/800 | 0-240 or Open 28 Volt D-C 
fone. ae SU 120 Volt A-C, 55 
400 Cycles 
Baya TERE ae | LIS |e a LC 
0-280 
120 Voit A-C. 
400 Cycles 


400/800 [o-200r] 30 2HMSO3UK-3¥| Knob 76 | 85 |omanmsosu-sy | 28 Voit 0-c 
= 120 Volt A-C, 
400 Cycles 
warm aa feemeoar [avs [faa] 
AM2HMSOTU-BY | 120 Volt AC, 123 
00 Cycles 





wT [ew eee 
120 Voit A-C. 38.0 
400 Cycles 
pomea av zvono-c | «|i | 
AM4HMSO3U-3Y 120 Voit A-C 123 
400 Cycles 


120 Volt A-C, 
400 Cycles 


Be sure to see 


SUPERIOR ELECTRIC’S SUPERIOR ELECTRIC ~™ 
Mobile Display 


when it is in your area COMPANY 
805 BRADLEY AVENUE, BRISTOL, CONNECTICUT 


Send new Bulletin P257H (| Have your representative call [) 


Offices: Los Angeles, California * San 

Francisco, California * Toronto, Ontario, 

Canada * Miami, Florida * Chicago, Illinois Company 

Baltimore, Maryland « Detroit, Michigan 

New York, New York * Cleveland, Ohio Address 
Dallas, Texas * Seattle, Washington 
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000175" 
THIN 


Now available 
in production 
quantities 


Keeping pace with the advanced 
design of transistors and other elec- 
tronic components, Somers Brass 
Company has installed a unique mill 
for the production of ultra-thin strip. 
Brass, copper and nickel are now 
being rolled down to .000175”, up 
to 4” wide, in footages to satisfy 
mass production requirements. 


You can rely on Somers, special- 
ists for nearly 50 years, for the 
experience to solve your thin strip 
problems, whether in design or 
manufacturing. 


Write for Confidential Data Blank 
and a complete analysis of your 
present or proposed application at 
no cost or obligation. 


a EXACTING STANDARDS oy 


¢O ry 


Somers Brass Company, Inc. 
110 BALDWIN AVE., WATERBURY, CONN. 
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Editorial Reprints 


\s manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 


| determines which editorial articles are 


to be made available to readers in re- 
print form. 


Available reprints of articles in this 


| and previous issues are briefed here. 


Any regular ELectricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 
The numerals shown in reprint list- 
ing correspond to the number shown 
on postcards incorporated in the Reader 
Inquiry Service Cards facing back cover 
page. Readers should circle those num- 
bers indicating the reprints desired. 


REPRINTS NOW AVAILABLE 
Capsule Calculus, May 1957, 20 
pages. A refresher course for the 
older engineer, taught from a sim- 
ple logical standpoint. Detailed 
proofs and elaborate examples are 
omitted in favor of easily followed 
discussions. Part I discusses basic 
principles of differentiation; Part IT, 
integration, and Part III interpreta- 
tion of equations involving time 
and motion concepts. (227) 


Review of Environmental Test Equip- 
ment, May 1957, 8 pages. Points to 
consider in selecting environmental 
test equipment. Manufacturers of 
environmental test equipment and 
their products are listed for ready 
reference. (218) 


Considerations in Testing Thermistors, 
May 1957, 8 pages. Proper meas- 
urement techniques for design and 
acceptance testing of thermistors. 
Methods are described for deter- 
mining resistance, voltage, time 
delay, and temperature-resistance 


slope. (215) 


Temperature Rise in Servo Motors, 
April 1957, 12 pages. Data and 
methods for calculating heat losses 
in small servo motors, temperature 
rise specifications, and a discussion 
of basic heat transfer laws. Ex- 
amples worked out. Tables of 
thermal conductivity and heat trans- 
mission included. (234) 


Characteristics of Metal-Clad Lami- 
nates, April 1957, 8 pages. Results 
of a Navy-sponsored National Bu- 
reau. of Standards investigation 
dealing with the following major 


If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities, 
special quotation. 


Cost of 
Single Subject Reprints 
Vo. of Vumbers of pages 
Reprints 4-12 16-32 
] Gratis Gratis 
5 $2.00 $3.75 
10 3.50 6.00 
25 7.50 12.50 


characteristics of metal-clad lami- 
nates used in printed-circuit design: 
Current-carrying capacity; surface 
and volume resistivities of coated 
units; dielectric constant and dis- 
sipation factor under various tem- 
peratures and frequencies. Typical 
test data are charted including a 
special design guide showing basic 
relationship of current to temper- 
ature rise for various cross-sectional 
areas of copper. Metal-clad lami- 
nates investigated include  glass- 
mat-epoxy; paper-base phenolics; 
glass-mat Teflon; _ silicone-glass; 
melamine-glass; and nylon-base 
phenolic. (226) 


Effect of Radiation on Semiconductors, 
April 1957, 12 pages. Graphical 
presentation of performance deg- 
radation of typical semiconductors 
as a result of exposure to various 
levels of particle bombardment. 
Data is presented which aids in 
predicting interim behavior as ir- 
radiation progresses so that proper 
application and circuit design can 
be made to obtain acceptable oper- 
ation within desired limits. (204) 


Developments in Polyethylene Insula- 
tion, March 1957, 12 pages. Sum- 
mary review of new developments 
and trends in polyethylene insula- 
tion, particularly for wire and cable. 
The effect of current research in 
catalyst and radiation chemistry on 
development of new types of linear 
and modified nonlinear resins, as 
a complement to existing nonlinear 
materials, is traced. Expanded areas 
of applications are explored. Design 
problems are analyzed in terms of 
property characteristics of both the 
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Gear-operated 
TYPE IR 


TYPE JD-JS 
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When you need a SPECIAL switch. . . 


ESCO standard, uniform components can be assembled to meet your 
requirements; or a deviation from one of our standard types will give you a 
special switch at a standard switch cost. Over 90% of our production is SPECIAL 
in one way or another. 


These standard switches can be modified fo fit your application: 


@ TYPE A—up to 8 positions, 7 sections maximum, detent- 
mechanism, rating 5 amperes — 125 volts a-c/30 volts d-c. 

@ TYPE AF — up to 8 positions, 6 sections maximum, detent-action, 
rating with resistive load 5 amperes at 28 volts d-c or 115 volts 
400 cps, per MIL-S-6807. 

TYPE P — Multi-section, up to 4 positions, snap-action, rating 10 
amperes 125 volts a-c, 5 amperes — 125 volts d-c, 30, 60, 100, 
200 amperes at 500 volts a-c, or 250 volts d-c. Can be assembled 
to meet Specification MIL-S-15291. 

TYPE JR — up to 8 positions, 30 sections maximum, detent-action, 
rating 10 amperes at 125 volts a-c, 5 amperes 125 volts d-c. 
TYPE JD-JS — up to 8 positions, 5 sections maximum, detent- 
action or snap-action, rating 30 amperes at 230 volts a-c. 

TYPE HT — up to 16 positions, 6 sections maximum, detent-action, 
rating 5 amperes at 125 volts-a-c. 

Bureau of Ships No. 9000-S6202-74085 rating 10 amperes at 120 
volts a-c. BuShips 9000-S6202-74090, 9000-S6202-74096, and 
9000-S6202-74224, ratings 30, 60, and 200 amperes, 500 volts a-c 
— 250 volts d-c. 


Write for data sheets or catalog on ESCO rotary multipole switches — 
or send us your requirements and we'll give you full specifications on the ESCO 
switch that meets YOUR need. 


ANS Lo 


CQ ELECTRO SWITCH CORPORATION 


standard and the new materials. 
Typical property data and applica- 
tions reports are included. (233) 


Preferred Circuits, March 1957, 20 


pages. A two-part staff report on 
the program sponsored by Navy 
BuAer and undertaken by the 
National Bureau of Standards to 
evolve reliable circuits for common 
functions in Navy aeronautical 
equipment. These preferred circuits 
are designed to replace the many 
existing configurations to effect sav- 
ings in design time, maintenance, 
training, and stocking. Circuits de- 
scribed include regulated power 
supplies, a blocking oscillator, a 
pulse cathode follower, and phan- 
tastron delays. (230) 


Signal Pickoffs for Control Systems, 


March 1957, 16 pages. Two-part 
article dealing with basic theory of 
operation of six major types suitable 
for furnishing input and feedback 
signals for controls operations, in- 
cluding resistance, electrolytic, ca- 
pacitive, piezoelectric inductive and 
photoelectric types. (214) 


Timed Acceleration of D-C Motors, 


March 1957, 12 pages. Three elec- 
tronic control circuits for program- 
ming linear acceleration and decele- 
ration of integral-hp d-c motors in 
closed-loop drive systems: (1) For 
linear acceleration during startup 
only; (2) for linear acceleration and 
deceleration at same rate during 
starting, stopping and speed chang- 
ing; and (3) for linear acceleration 
and deceleration at independent 
rates during starting, stopping and 
speed changing. (213) 


Magnet Design: Two Practical Ap- 


proaches, February 1957, 8 pages. 
(1) Estimating leakage factors for 
permanent magnets, and unsatu- 
rated electromagnets, from geome- 
try of magnetic circuits; (2) Figur- 
ing air gaps for maximum pull of 
opposing (push-pull) electromag- 
nets. (212) 


Reliability Approach to Thermal 
Design and Evaluation, February 
1957, 8 pages. Techniques for 
determining equipment cooling re- 
quirements in terms of reliability 
goals for electronic components. 
The techniques permit an efficient 
thermal design for a predetermined 
mean life. Methods are presented 
for evaluating developmental and 
final models in terms of the effect 
of the thermal design on _ relia- 


bility. (211) 


Static D-C References for Closed 


Loop Controls, January 1957, 12 
pages. Describes in fundamental 
terms the operation of voltage- 
regulator circuits using magnetic 
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Quick facts for those who apply and specify electric motors 








Torque Moties They Stall and Hold 


If you want a machine drive to not 
only apply power but also hold a po- 
sition Or maintain a constant tension, 
a Howell torque motor may be your 
solution. Here’s a motor that can be 
stalled, while exerting maximum torque 
for predetermined intervals, without 
burning out . . . that can also apply 
virtually constant torque while operat 
ing at a given sub-synchronous speed. 


Linear Speed-Torque Curve 


The graph below shows this motor’s 
almost linear speed-torque characteris- 
tics as compared to a conventional mo- 
tor’s. The secret lies in the design, 
which produces increased torque while 
limiting locked rotor current. 


DESIGN B MOTOR 
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% OF LOCKED TORQUE 


Adaptable to Many Uses 


In addition to the clamping, elevator 
drive and reel tension applications 
shown at right, Howell torque motors 
are doing a great many other jobs. 
Door opening and closing, take-up reel- 
ing of film and carbon paper, activat- 
ing electrical starter contacts and a var- 
iety of clutching, chucking and brak 
ing operations are among them. They 
do a quieter, more positive job than 
many mechanical devices and can often 
effect important simplifications in ma- 
chine design. 


Typical Howell 
Series 100 
Torque Motor 


Write us details of your requirements. 
We'll be glad to make suggestions and 
a quotation. 


Two Howell Torque Motors operate clamps for positioning 
and holding the workpiece on this high-speed, automatic 
milling and centering machine. Seven Howell motors in all 
provide power for this precision operation. 


A Howell Torque Motor operates the brake 
and the elevator driving mechanism shown at 
right. Opening and closing of elevator doors 
is another typical torque motor application. 


A constant, precise tension is maintained on monofilament plastic thread, after extrusion, by 
the 36 Howell Torque Motors on this winding machine. Multi-speed reeling and winding oper- 
ations, particularly, are simplified by the use of torque motors in place of geared mechanical 
devices that are relatively expensive and difficult to keep in adjustment. 


HOWELL MOTORS 


HOWELL ELECTRIC MOTORS COMPANY, HOWELL, MICHIGAN 


PRECISION-BUILT MOTORS FOR INDUSTRY SINCE 1915 
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amplifiers, silicone diodes and tran- 
sistors. Simple equations are de- 
rived for use in actual design of 
reference-voltage sources and in 
examining the performance of the 
completed circuit. (208) 


Resistor Evaluation for Critical Ap- 

plications, January 1957, 8 pages. 

Techniques for determining toler- 

ance stability, and stamina require- 

ments, and for derating available 

resistors of various types for specific 

applications. Examples are based 

on resistors manufactured to speci- 

New 133 Series Plugs and Adapters 


fication MIL-R-10509A. (207) 


Magnetic Materials Push Back Design 
“Stops,” January 1957, 20 pages. A 
five-part staff report on the com- 
mercial significance of new or im- 
proved Permanent Magnets, Soft 
Magnetic Materials, Ferrites and 
Thin Films; Test Methods and 
Apparatus and Devices and Com- 
ponents disclosed at the second 
national AIEE Conference on 
Magnetism and Magnetic Mate- 
rials. (206) 


Encyclopedia of Insulating Materials, 
December 1956, 12 pages. The 
organization and basis of a compre- 


T a | hensive manual on electrical insu- 
l = : : ; ; 
P 


lating materials being developed 


under sponsorship of the Inter- 
a 0 ’ N ECTO is Sy national Electrotechnical Commis- 


sion. The manual (called officially, 

“encyclopedia”) is geared to current 

broad developments and aimed to 

; ; - - facilitate the practical engineering 

Ke” any other” printed cireuit on specification of such materials for 

=, ; = optimum design use. Examples of 

‘nectors! Engines to the exacting requirements of major detailed group charts of compara- 

equipment manufacturers, utilizing superior gold-plated tive properties from the proposed 

contacts, featuring high-strength bodies molded of diallyl encyclopedia are reproduced. (202) 
phthalate, AMPHENOL Prin-cirs provide increased reliability 

for printed wiring connections. Prin-cirs are available in Amplifier-Less Synchro System, De- 

two series: cember 1956, 8 pages. An exposi- 

, tion of the general approach being 

RECEPTACLES Heart of these connectors is a new contact ae . ee ee 

; : : aoe : chosen by servo designers in an 

with a circle lip entrance for good wiping action and a long attempt to lower the cost of servo 

spring base. It can’t be ‘set’ or overstressed when used with systems. Descethed in detail ic a 

standard boards, has low millivolt drop and long life. 143 relay technique eliminating the 

series receptacles of 6, 10, 15, 18 and 22 contacts with four need for servo amplifier, damping 

tail styles. network and servo motor. (205) 


PLUGS AND ADAPTERS Newly available, these mate with = a ‘ ; ; : 

eo aia Digital Codes for Numerical Control, 
the Prin-cir receptacles. May be used for building modular December 1956, 12 pages. Coding 
units, right angle stack-ups or cable plug-ins. Molded nylon techniques for numerically pro- 
guide pins are a strong feature. 133 series; 10, 15, 18 and 22 


grammed machine tools, computers, 
contacts with five tail arrangements. supervisory control and automatic 


For Printed Circuits, as for every major component date-logging: oa Sao —- 

le tao snlth, anememmenn t graph code; punched-card system; 

ee : self-checking codes; Gray code; and 
AMPHEN 0 . Le cT RO NIC s. CO. | 0 N others — plus decimal-binary-Gray 
— oxo a , code conversion. (201) 


Research Progress in Dielectrics — 
1956, November 1956, 12 pages. 
On the spot interpretation and re- 
view of the round table discussions 
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DESIGNING WITH ALUMINUM 


1dvertisement) 


This is one of a series of information 
sheets which discuss the properties of 
aluminum and its alloys with relation to 
design. Extra or missing copies of the 
series will be supplied on request. Ad- 
dress: Industrial Service Division, Kaiser 
Aluminum & Chemical Sales, Inc., 
1924 Broadway, Oakland 12, California. 


LU 
yhil STRENGTH AFTER FORMING 


RATES OF GAIN IN YIELD AND TENSILE STRENGTHS VARY FOR DIFFERENT ALLOYS 


(Note: This ad includes new and revised data from Product Design Ad. No. 5, ‘Strength After Working.”’) 


Tue increasing use of wrought alumi- 
num alloys in load-carrying, formed 
parts has emphasized the need for 
quantitative data concerning the effects 
of forming operations on the mechan- 
ical properties of these alloys. 

Such data are essential to design en- 
gineers. By taking advantage of form- 
ing effects, they can produce sound 


FIG. 1— YIELD STRENGTHS AFTER STRETCHING 
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designs with greater economy by using 
less expensive alloys or thinner sections. 

The effects of plastic deformation 
during forming are especially im- 
portant in the case of the non-heat 
treatable (or “common”) alloys. The 
strengths of these alloys cannot be in- 
creased by heat treatment, but can be 
increased substantially by deformation. 


The mechanical properties of all alu- 
minum alloys are affected by plastic 
deformation. The extent of the effects 
vary from alloy to alloy, however. In 
general, yield strength and tensile 
strength increase with increasing de- 
formation and for this reason the effects 
of deformation are referred to as “work 
hardening.” Ductility is also affected by 
work hardening and, in general, is de- 
creased by increasing deformation. 
READER INQUIRY 


SERVICE CARDS, 


PRECEDING 


Effects of Stretching 


Recent additions to the list of available 
non-heat treatable alloys have further 
extended the range of strength attain- 
able in finished aluminum products. 
Alloys 5083 and 5086, developed by 
Kaiser Aluminum’s Department of 
Metallurgical Research primarily for 
high strength welded construction, are 
finding many uses in high strength 
formed items. 

This increased use of non-heat treat- 
able alloys prompted the Kaiser re- 
search group to conduct tests which 
compared the new alloys with those 
already being widely used. The results 
of these tests provide data of para- 
mount importance to engineers inter- 
ested in the design and production of 
formed parts. 

Tests were made on six alloys: 1100, 
3003, 5050, 5052, 5083 and 5086. Com- 
mercial sheet material in the “O” tem- 
per and 0.064” thick was used, with the 
exception of alloy 5083. Here, the min- 
imum commercial “O” temper plate 
thickness of 0.250” was used. All tests 
were made parallel to the direction of 
rolling. The test procedure was: 


1. Stretch sample strips in ten- 
sion by specified amounts. 

2. Stabilize the strips using a 
thermal treatment of one hour 
at 300 F 


3. Cut two standard sheet tensile 
specimens from each strip. 


4. Test the specimens to failure 
in tension. 


Alloys of the 5000 series containing 
Mg may show some changes in mechan- 
ical properties when held at the usual 
ambient temperatures for long periods 
of time after work hardening. In com- 
mercial materials such changes are fre- 
quently accomplished in a short time 
and a stabilized condition reached by 
suitable heat treatment. Such a stabi- 
lizing treatment was applied to all 
samples used in the present tests. 


In general the changes consist of: 


1. Adecrease in the yield and ten- 
sile strengths to stable values 
well above strengths of the 
same alloys in the “O” temper. 


2. An increase in ductility of the 
work hardened materials. 


Ordinarily, the design of a stressed 
part should be based on the stabilized 
properties of an alloy or the properties 
retained after long periods at normal 
ambient temperatures. The manufac- 
tured part need not receive a stabilizing 
treatment, however, unless the result- 
ing increase in ductility is considered 
essential for the application. 


FIG. 2—INCREASES IN YIELD STRENGTHS CAUSED BY STRETCHING 
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DESIGNING WITH ALUMINUM No. 24 (Continued) 


What the Tests Show 


Figs. 1 through 4 disclose the average 
results of these tests. Of primary in- 
terest to most designers is the yield 
strength of a material. The effect of 
stretching on the yield strengths of 
these alloys is shown in Figs. 1 and 2. 

It is immediately apparent from Fig. 
1 that the new alloys 5083 and 5086 
are capable of yield strengths far higher 
than were formerly available in non- 
heat treatable wrought alloys. Alloy 
5083 is particularly outstanding in this 
respect. 


FIG. 3—ULTIMATE TENSILE STRENGTHS 
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Fig. 2 shows the increase in the yield 
strengths of all six alloys caused by 
stretching. This figure demonstrates 
clearly that the higher yield strengths 
of 5083 and 5086 are due in large meas- 
ure to their greater susceptibility to 
work hardening. The ability of 5086 to 
increase its yield strength through work 
hardening is outstanding. 

Fig. 3 shows the effect of stretching 
on the tensile strength of these alloys. 
Although the tensile strengths are in- 
creased substantially by stretching, the 
increases are not so pronounced as in 
the case of the yield strengths. The new 
alloys 5083 and 5086 are shown in Fig. 
3 to be far stronger than the previously 
available alloys. 

Fig. 4 summarizes graphically the 
effects of stretching on the residual duc- 
tility and yield strengths of these alloys. 
This figure demonstrates that the large 
increases in yield strength caused by 
stretching may be obtained in combina- 
tion with good residual ductility in all 
of the tested alloys. It also shows that 
the remarkably high yield and tensile 
strengths of 5083 and 5086 are obtained 
in conjunction with ductilities that are 
equal to the ductilities of the much 
weaker alloys 5050 and 5052. 
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FIG. 4—YIELD STRENGTHS AND RESIDUAL ELONGATIONS AFTER STRETCHING 
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Alloys Compared 


To illustrate the interpretation of the 
data presented in Figs. 1 through 4, 
assume that: 


1. The method of forming a part 
results in 10% stretch regard- 
less of the thickness of the ma- 
terial used. 


The formed part must be able 
to carry a load of 15,000 Ibs. 
with a factor of safety of 2 with: 
reference to yielding. 


The table below compares the six lots 
of material tested using yield strength 
data taken from Fig. 1. 


The remarkable strengths of the new 
alloys 5083 and 5086 are illustrated by 
the last column of this table. For con- 
ditions of tensile loading, this column 
shows that parts made from 5052, 5050, 
3003 and 1100 must contain 31, 72, 
100 and 173 per cent more material, 
respectively, than a part made from 
5086. 


Other Factors May Be Important 


In selecting an alloy for a specific appli- 
cation, it is necessary that all relevant 
factors be taken into consideration. 
This includes such factors as the corro- 
sive effects of environments in which 
the part may be used, the type of sur- 
face finish required and problems in 
connection with fabrication of the part. 
The performance of aluminum alloys 
with respect to each of these factors 
varies considerably. 


Technical assistance in connection 
with aluminum alloy selection and 
fabrication may be obtained through 
the Kaiser Aluminum sales office or 
distributor listed in your telephone di- 
rectory. Kaiser Aluminum & Chemical 
Sales, Inc., General Sales Office, Palm- 
olive Bldg., Chicago 11, Illinois; Execu- 
tive Office, Kaiser Bldg., Oakland 12, 
California. Copies of a product infor- 
mation book on aluminum sheet and 
plate, containing comprehensive tables, 
may also be obtained on request. 


Cross-Sectional Areas Required in Parts Stretch-Formed 10% in Order 
to Support a Tensile Load of 15,000 Pounds with a Factor of Safety of 2 


YS after 10% Strain, 
Alloy psi 


5083 34,000 
5086 30,000 
5052 23,000 
5050 17,500 
3003 15,000 
1100 11,000 


Kaiser 


see our catalog in 


or write for copy 


Area Required in 
Y2 of YS, Stretched Part, 
psi sq. in. 


17,000 0.89 
15,000 1.00 
11,500 1.31 
8,750 1.72 
7,500 2.00 
5,500 2.73 


/uminum 


setting the pace—in growth, quality and service 
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and formal papers presented at the 
1956 Conference on Electrical In- 


sulation. Subjects covered include | 


dielectric properties of solid and 
gaseous materials; reports on studies 
in electrical breakdown; d-c meas- 
urements; new developments in sili- 
cone and glass materials; trends in 
very high temperature and radia- 
tion-resistant materials; thermal 
degradation of materials. Graphs 
and tables included. (210) 


Clinch Nuts for Thin Materials, No- 


vember 1956, 8 pages. Selection | 


and application factors for self- 
clinching as well as staked-type 
captive nuts for use in thin soft 
materials such as aluminum alloys. 
Results of torque and tensile tests 


are tabulated for various thread | 


sizes and panel thicknesses. Effect 
of installation pressure is also dis- 
cussed and shown graphically. (203) 


Magnetic Amplifiers in Power Servos, 


November 1956, 8 pages. Study of 


prototype servo system using mag- | 


netic amplifiers for field control of 


two back-to-back 3'%-hp servo mo- | 


tors for military positioning appli- 
cation (antenna array) indicates 
potential application to machinery 
control. (209) 


Applying Miniature Lamps, October 
1956, 12 pages. Selection factors for | 


miniature incandescent and neon 


or argon glow lamps as pilot lights, | 
indicators, warning devices, dial | 
illuminators: lamp __ identification | 
and construction; life and voltage | 


relationships; temperature limita- 
tions; impact and vibration strength; 


light reflection, transmission and | 


refraction. (232) 


Magnetic Switching Circuits, October 
1956, 8 pages. A typical rectangular 
hysteresis loop is broken down into 
linear sections to develop the 
mathematical basis for contactless 
magnetic switches. Includes a sug- 
gested circuit for a magnetic se- 
lector switch for thyratron control 


with provision for monitoring the | 
set state of the magnetic core. (An- | 


notated bibliography included.) 


(229) 


Analyzing Relay Networks, September | 
1956, 8 pages. Switching in a com- | 


plex relay network may cause sud- 


den changes in circuit inductances | 


that result in spuriously generated 
currents, thus upsetting the planned 
switching sequence. The principle 
of constant flux linkages is one 
method of checking a circuit de- 
sign for these unexpected phenom- 
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GENERAL ELECTRIC TSA-18 TIMER 
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SOLENOIDS 


There’s a G-E Interval Timer to meet your problem 
whenever you need to achieve precise, automatic 
timed control with MOTORS, RELAYS, SOLENOIDS. 


Save Money, Manpower with 
Automatic Timed Control 


RELAYS 


of Machines and Processes 


On all machines or process equipment where time or timing cycles 
are an important factor, General Electric TSA-18 Timers can 
reduce operating costs by freeing operators for more productive 
work and reduce waste and spoilage of material. 

USED FOR THE AUTOMATIC start/stop of motors and the timed 
control of solenoids and relays, the TSA-18 offers you reliable 
control of time cycles, or combinations of time cycles, from 30 
seconds to 30 hours. Setting accuracy of 1%, and repeat accuracy 
of 4% assure precise control for the most critical applications. 
When required, the standard TSA-18 timer may be equipped with 
automatic reset and automatic recycling. 

138 DIFFERENT MODELS of the TSA-18, plus many varied com- 
binations of wiring, assure you of obtaining the exact time con- 
trol, or combinations of time control, needed for your particular 
application. No matter what is required—regular interval timing, 
remote actuation, automatic resetting, automatic recycling, or 
sequential operation of several timers . . . they’re yours with the 
TSA-18. 

FOR INFORMATION as to exactly how the TSA-18 timer can save 
money and manpower on your machines or process equipment, 
contact your nearby G-E Apparatus Sales Office . . . or write for 
bulletin GEC-1223 to General Electric Co., Section 584-11, 
Schenectady 5, New York. 


GENERAL @@ ELECTRIC 





Kectified 
RELAYS 


advance 


Keliability 


hermetical- 
ly sealed 
for 400 cycles. 


Improvements, over conventionally 
oe AC relays, afforded through 
all frequencies from 25 to 400 cycles 
by MAGNECRAFT full-wave rectified 
relays, include— 

Increased operating sensitivity 
Higher contact pressures 
Greater resistance to vibration 


Operation through much wider 
variation in voltage or current 


Quiet operation, free of AC hum 
Smaller size 
MAGNECRAFT faull-wave rectifica- 


tion adds nothing to mounting and 
wiring problems. 


Tell us what you need or send for 
catalog. 


Full weve. rectified 
Contact combinations to 6PDT 


WET te ea 


Electric Company 
3350A W. Grand, Chicago 51, Ill. 


for 60 cycles. 


ena. Typical relay circuits are so 
analysed. (228) 


QC Computers for Machine Control— 
I & Il, July and August 1956, 20 
pages. How to design small analog 
computers for automatic feedback 
correction of closed-loop machine 
operations. These computers moni- 
tor dimension - measuring _ trans- 
ducers to machine’s 
average performance and determine 
drift from original setting for com- 
pensation by power servos. Also, 
they can determine dimensional 
variation of machine output and 
signal an alarm for excessive varia- 
tion due to machine malfunction. 
Suggested circuits and components 


are discussed. (225) 


calculate a 


Practical Hi-Pot Testing, August 1956, 
12 pages. Discusses advantages and 
limitations of both a-c and d-c high- 
potential dielectric strength testing 
for quality control. Outlines require- 
ments for production test stations. 
Presents typical test methods for 
electrical components. (223) 


Boolean Algebra for Switching Cir- 
cuits, August 1956, 4 pages. Sum- 
marizes the fundamentals of Boo- 
lean algebra as they apply to manual 
switching circuits. Shows, by ex- 
ample, how to reduce complex 
switch arrangements to their sim- 
plest form—eliminating by simple 
mathematics redundancies _ that 
might not be obvious to the eye. 

(222) 


Machine Tool Electrical Standards, 
June 1956, 20 pages. The latest 
version of these standards, as ap- 
proved by the National Machine 
Tool Builders Association on March 
1, 1956, are reprinted in full. (219) 


Multiple Reprints 


Multiple Reprints (reprints or com- 
pendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated: in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 
special quotations. Address: ELEc- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y. 


Human Engineering in Equipment 
Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 


"\\ INVERTERS 


for changing your stor- 
age battery current to 


4, 


CN A.C. Mousehold 


ELECTRICITY 


Anywhere 


. in your 
———— 
own car! 
en 


el ali te, 
Ts ede Lily 
under dash 
Tae) 
compartment! 


especially designed for operating 
standard 110 volt A. C.... 

@ TAPE RECORDERS 

@ WIRE RECORDERS 
for 


@ DICTATING MACHINES 
@ ELECTRIC RAZORS 


EXECUTIVES @ OUTDOOR MEN 
SALESMEN @ REPORTERS 
PUBLIC OFFICIALS @ FIELD INSPECTORS 
POLICEMEN @ DOCTORS 

@ FIREMEN @ LAWYERS, ETC, 


See your jobber on write factory 


-/ NEW MODELS ~/NEW DESIGNS +//NEW LITERATURE 
“A” Battery Eliminators, DC-AC inverters, Auto Radio Vibrators 


AMERICAN TeLEvision & Ravio Co. 


2uality Products Since 1931 
SAINT PAUL 1, MINNESOTA, U.S. A. 


MAY 1957 ELECTRICAL MANUFACTURING 





{eyed (ef a2) 


PU) ee ck Oe 
5U4G and others, in 
most military applications 


COMPARISON OF CHARACTERISTICS 


Peak Inverse Max. Average Typical Rectifier 
Plate Voltage| Output Current Efficiency * 
pee mr.) Klee 
sey le aL RES Or stun 


nov | mone [gy 


[8 | 
400 V 


Note 1—At 2100 V peak inverse plate voltage, 25°C ambient, with choke 
input to filter. Max. Avg. output current of 300 ma at 2100 V peak 
inverse with 12 mfd max. capacitor input to filter. 

Note 2—DC output voltage and current when indicated type is 


substituted in a typical rectifier circuit with choke input 
to filter. 


Hoffman 
a oa 


* Operated at I414PIV into a (659 
ohm Load. 
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COMPARISON BRIDGE 


FOR FAST, ACCURATE MATCHING OF 


RESISTORS | ohm to 5 megohms 
CAPACITORS 500 mmfd to 2000 mfd 
INDUCTORS 3 millihenrys to 10,000 henrys 


© Five Meter Ranges: 1%, 2.5%, 5%, 10% and 
25% difference readings at full scale 


® Accurate within 0.1% on 1% scale 


¢ Component differences of 1 part in 
10,000 can be detected 


© Foot operated switch available 


$185. 


SOUTHWESTERN INDUSTRIAL 
ELECTRONICS COMPANY 


P. 0. BOX 13058 2831 POST OAK ROAD 
HOUSTON 19, TEXAS 


PAL Pte ce epee 


¥3 


> 4q% 
RM Paks 55 
& sir io 


@ 
Panis 


#5 


N 
x 
N 


Sng 


MODEL E-2 


Rk, 


> 


rbvbigel SF 


0 sk 


Ree 


Wehbe 


4 


esa. 7 -* 


fiat’ 


Bin te 


a 


A 


kets 


eee 


human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and _ instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 
systems, special-purpose instrumen- 
tations, and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. Tables of 
human engineering “do’s and 
don’ts” and other practical design 
aids are provided. Several articles 
give detailed bibliographies. 
$2.50 


Electrical Insulation and Dielectrics— 
1955. (Problems-Materials-Applica- 
tions.)—136 pages. A compilation of 
the most important articles selected 
from recent issues of ELECTRICAL 
MANUFACTURING. This volume pro- 
vides the engineer not only with 
significant but with current design- 
helpful literature. Articles cover 
epoxy casting resins, radiation ef- 
fects on dielectrics, fluorocarbons 
results of special evaluation pro- 
grams, among other subjects. $3.00 


Practical Circuits for Grid Control of 
Thyratrons, 52 pages. A collection 
of five articles by P. H. Chin and E. 
E. Moyer, appearing January to 
May 1956, summarizing all that is 
known about thyratron grid-control 
circuits. Coverage includes on-off 
control with both a-c and d-c plate 
voltages; bridge-type circuits with 
both linear and non-linear elements; 
phase-shifted a-c signals as the con- 
trol variable; a-c plus d-c control; 
the two-vector method; effects of 
load-circuit parameters on thyratron 
performance; peaking transformers; 
and the application of interphase 
transformer windings to multiple 
rectifier systems. $2.00 


Servo Series, 48 pages. A collection of 
five articles by servo engineer- 
teacher Ira Ritow, appearing Feb- 
ruary to June 1956, summarizing 
the fundamentals of servomecha- 
nism design. The series is intended 
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FASTENER BES 


RUSSELL, BURDSALL & WARD BOLT AND NUT COMPANY 


Technical-ities 
By John S. Davey 


Factor of Safety — 
make it a reality 


You can’t calculate that with a 
bolt having yield strength of 
4 times the working load you’re 
automatically getting a safety 
factor of 4. Far from it, Only 
when the bolt is tightened to four 
times working load do you get it. 


That’s because rigidly fastened 
members can be externally loaded 
to the full value of residual ten- 
sion in bolts without any separa- 
tion or extra bolt stress. 


Suppose you need a bolt for a 
5000 lb. working load. For a X4 
safety factor, you use a bolt of 
20,000 lb. capacity, and tighten 
it to 20,000 lb. tension. If you 
tighten to only 10,000 lbs., any 
external load larger than this 
causes loosening, and progres- 
sive bolt failure from fatigue. So 
your safety factor is really only 2. 


PRODUCTION MAN 
FOLLOW-THROUGH IMPORTANT 


Factor of safety, then, is not es- 
tablished on the drawing board. 
It can only be put into the prod- 
uct by the shop man with wrench. 
In short, a bolt is no better than 
the supervision of its tightening. 


A NOTE ON 
FLEXIBLE JOINTS 


This case is different. You tighten 
such a joint just to working load. 
So use a bolt capable of this plus 
any added stress multiplied by 
your safety factor. 


How to simplify 


bolt and nut usage 


ESPITE their now unified dimen- 

sions, ‘‘standard’”’ fasteners 
number thousands upon thousands 
of different types and sizes. More 
and more companies are beginning 
to realize that usage simplification 
offers advantages. 


EXAMPLES 


A well known electrical manufac- 
turing company finds it no handicap 
to eliminate all 46” bolt sizes above 
30", thereby simplifying production 
and purchasing. 

One engineering firm eliminated 
1700 different fastener items from 
inventory by determining that the 
jobs could be done as well by other 
sizes or types. 


SOME SUGGESTIONS 


To guide your thinking, RB&W points 
up the following ways to simplify: (1) 
Forget thread fits for all but special- 
ized needs — standard “tolerance fits” 
have thoroughly proved themselves. 
(2) Why adhere to double thread 
standard when coarse threads prove 
stronger and assemble faster? (3) 
Stick with hex head bolts—they do 
better jobs than square. (4) It can 
save money to change diameter or 
length, rather than to add another item 
to stock. (5) Two standard physical 
grades meet most load range require- 
ments — do you really need special al- 
loys? (6) Heavy nuts really belong 
with larger size bolts—use finished 
nuts with the smaller sizes. 


Here is a graphic display of possible simplification 
From a typical array of fasteners, it shows what 
may be superfluous for meeting the requirements 
of proper fastening in a great many instances. 


RB&W would be happy to enlarge 
on these facts, and help you simplify 
fastener selection to get proper joint 
strength and cut assembly time and in- 
ventory. Write Russell, Burdsall «& 
Ward Bolt and Nut Company, Port 
Chester, N.Y. 


Plants at: Port Chester, N. Y.; Coraopolis, Pa.; 
Rock Falls, lil.; Los Angeles, Calif. Additional 
sales offices at: Ardmore (Phila.), Pa.; Pitts- 
burgh; Detroit; Chicago; Dallas; San Francisco. 


High strength bolts save costly crane 


At one company’s plant, a large, heavy-duty crane had de- 
teriorated due to rivets loosening. Replacing with new rivets 
was no permanent answer, but RB&W high tensile bolts were. 

Used with hardened washers, these RB&W bolts clamp mem- 
bers together so tightly, no slipping into bearing takes place, 
holes are reinforced against fatigue, and connections become 


vibration-proof. 


Assembling heavy duty equipment with RB&W high strength 
bolts in the first place can avoid such problems and create more 


satisfaction with the product. 
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How Alcoa Aluminum 
Fasteners make good 
windows even better 


MEETS AWMA 
STANDARDS! 


You can meet the highest standards 
of quality and the specifications of 
the AWMA (Aluminum Window 
Manufacturers Association) for 
prime windows of aluminum when 
you assemble with Alcoa® Aluminum 
Fasteners. Perfect color match and 
protection against both galvanic and 
atmospheric corrosion make for last- 
ing good looks . . . consumer satis- 
faction. Complete stocks carried by 
your local Alcoa distributor fill every 
requirement. He is listed in the 
Yellow Pages of your telephone 
directory. 


Your Guide 
to the Best in 
Aluminum 


ALUMINUM Vve 


FASTENERS 


@ACOA 


> 
THE ALCOA HOUR 
TELEVISION'S FINEST LIVE DRAMA 
ALTERNATE SUNDAY EVENINGS 


Fill out coupon for facts, samples 


Aluminum Company of America 
2241-E Alcoa Bidg., Pittsburgh 19, Pa. 


Gentlemen: Please send complete specification 
data and samples of Alcoa Aluminum Fasteners. 


Name 
Title 
Company 


Address 


for the non-servo engineer and 
avoids almost totally the use of 
complex math and obscure termi- 
nology. Yet, the series is complete 
enough to permit the reader to de- 
sign and analyze a simple servo. 
Coverage includes how and why 
servos work; servo terms and spec- 
ifications; selection of components; 
linear and non-linear servo design; 
linear analysis; impact-momentum 
analysis; and the phase-plane meth- 
od of servo analysis. $1.50 


Multiple Reprints 
at Quantity Prices 


Since handling expenses is a signifi- 
cant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders make possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 
lowing prices per copy apply: 


Quantity 
Title 5 25 
Electrical Insulation and 
50 
2 
50 
00 


bo 
~l 
ul 


wt ot orc 


Dielectrics—1955 
Servo Series 
Thyratrons 


2 
1 
1 
2 


a 
bo NI 


Human Engineering 


Prices given about include shipping 
charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth 
Ave., New York 20, N. Y. 


return cards are 
provided preceding back 
cover as a convenience to 
the reader in obtaining— 


Postcard 


New Components 

and Materials 
Additional data from the 
supplier of any item re- 
viewed. 

Literature for the 

Design Engineer 
A copy of any 
facturer’s 
viewed. 


manu- 
publication re- 


Feature Article Reprints 
Single copies of selected 
feature articles. 

Advertised Products 
More information on any 
product or service de- 
scribed. 


another 
product 
surprise 


Helipot... 


Beckman 
Servomotor- 


Rate Generator 


Snug as two bugs in their 
unitized stainless steel 
housing, motor and generator 
work hand-in-hand on the 
same shaft... to improve 
response characteristics of 
suffering servo systems. 


Where the trouble is in the 
dynamics of your system 
components, watch this 
purposeful pair roll up their 
sleeves and go to work. The high 
torque-to-inertia motor, for 
instance, responds quickly and 
accurately to error signals... 
with acceleration at stall up to 
100,000 radians/sec.?. Signal-to- 
noise ratio of the linear generator 
is 25:1 or better. Aiding and 
abetting each other in their 
dedicated mission, they'll operate 
continuously at stall and at total 
unit temperature from —55°C 

to 200°C. 


Right now, our corrosion- 
resistant, completely encapsulated 
Servomotor-Rate Generators are 
available in sizes 11, 15 and 18. 
(We'll soon add size 8; 
eventually, other sizes.) We’ve 
got descriptive literature available 
too. It’s data file 532. 


Beckman’ 
Helipot 
Corporation 
Newport Beach, California 
a division of Beckman Instruments, Inc. 
Engineering representatives 
in principal cities 
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A pot 
you can 
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When you’re playing with a hot system and the 
stakes are high... raise! 

Raise as high as 150°C... and HELIPOT® series 
5000 precision potentiometers will still operate 
continuously with 1 watt dissipation. 

Although it’s only 1/2 inch in diameter and weighs 
but 0.3 ounce, on this pot you can bet the limit. 
You'll hold the winning hand with these five high 
cards off the top of the Helipot deck : 

¢ stainless steel construction 

¢ excellent linearity (+0.25% best practical, 
+0.5% standard) 

* 15,000 to 50,000 ohms standard resistance range 

¢ one-piece housing 

- all-metal card for uniform heat dissipation 

When the chips are down, these three standard 
models will strengthen your hand : the bushing-mount 
precision 5001, the servo-mount precision 5002, 
the trimming-type 5016. 

There’s a house full of specs the series 5000 meets 
or beats: JAN-R-19(7), MIL-E-5272A, NAS-710, 
MIL-R-12934A, MIL-E-5400, MIL-R-19518, MIL Std 20. 

The straight inside story on the new series 5000 
is available in data file 522. 


Beckmar* , 
Hel 4 pot Corporation 
Newport Beach, California 
a division of Beckman Instruments, Inc. 


Engineering representatives in principal cities 


987 





When Timing is 
the Problem 


LUX . « - Specialists in the in- 


dustrial timing field and producers 
of over 20 million clocks and timers 
. . . Now Offers the full facilities of 
their renowned laboratories to help 
Solve your timing problems. 


For design engineering assistance 
. . . Cooperation on custom-develop- 
ing and adapting of electric or me- 
chanical timing devices to meet your 
specialized needs . . . contact LUX. 


TYPICAL PRODUCTS DEVELOPED 
BY THE FAMOUS TIMING 
LABORATORIES OF LUX 


{ APPLICATIONS 


PARKING METERS 


WASHERS & 
ORYERS 


BATTERY 
CHARGERS 


MILK COOLERS 
COFFEE MAKERS 
DISH WASHERS 
GAS RANGES 
SUN LAMPS 
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FULLY AUTOMATIC 
RANGE TIMER CONTROLS 


COOKERS 


ELECTRIC 
HEATERS 


RECORDING 
INSTRUMENTS 


TIMERS FOR ELECTRIC 


AIR 
CONDITIONERS 
ORYERS 


REFRIGERATION 
SYSTEMS 


ELECTRIC RANGES 
CLOTHES DRYERS 


RECORDER CLOCK 
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Association Activity 


Engineering Societies Form 
“North American Control Committee” 
Major engineering societies of the 
United States, with a total membership 
of 200,000 have formed a five man 
“North American Control Committee.” 
These groups include The American 
Society of Mechanical Engineers, Amer- 
ican Institute of Electrical Engineers, 
Institute of Radio Engineers, Instru- 
ment America, and the 
American Institute of Chemical Engi- 


neers. 


Society of 


The Committee was formed to rep- 
resent the American engineering soci- 
eties in the organization of the Inter- 
national Control Federation. Participa- 
tion in this federation has been pledged 
by the governments or technical socie- 
ties of Russia, Czechoslovakia, Poland, 
France, Belgium, Finland, 
Holland, Switzerland, Norway, Japan, 
and the United States and other coun- 


Germany, 


tries where there is professional con- 
trol activity. Decision to form such a 
federation was made at the interna- 
tional control meeting in Heidelberg, 
Germany during September, 1956. This 
federation will organize international 
control congresses and promote the 
exchange of information on automatic 
control between the countries of the 
world. 

International control congresses were 
held in 1950 at Cranfield, England, 
and in 1953 at New York under the 
auspices of the American Society of 
Mechanical Engineers. The 1956 meet- 
ing at Heidelberg, Germany under the 
sponsorship of the German electrical 
and mechanical engineering societies 
was the latest control conference. Over 
1000 persons attended the Heidelberg 
meeting. 

The decision to form an Interna- 
tional Federation was made by control 
specialists from Germany, the United 
States, Great Britain, USSR, Austria, 
Yugoslavia, Netherlands, Norway, Den- 
mark, Poland, Italy, Israel, Belgium. 
France, Sweden, Czechoslovakia, Japan 
and Switzerland. 

The importance of automatic control 
today is emphasized by the fact that 
the Russians graduate 5000 control 
engineers a year, the United States 
only a few hundred. 


Organization For Research and 
Development—Theme of 
MIT Summer Course 


An outgrowth of a series of work- 
shops and regular graduate courses on 
various aspects of research manage- 
ment over the past several years, a 


special program on Organization For 
Research and Development has been 
scheduled by Institute 
of Technology for June 17-June 28. 

As MIT points out in a brochure 
describing the scope of the program, 
it has been apparent that technical 
and scientific competence alone does 
not equip the engineer to supervise 
a group of researchers attempting to 
produce knowledge according to a 
time schedule, budget and an overall 


Massachusetts 


company plan. 

In addition to lectures, required read- 
ing and written assignments, group 
discussions and case presentations and 
adaptation of the laboratory method 
of human relation 
used in the program to aid in achiev- 
ing the required 


skills. 


training will be 


understanding and 


Women Engineers Honor Convair's 
Mrs. R. H. Sparling 


Honoring a woman who has made an 
outstanding contribution to engineering, 
The Annual Award of the Society of 
Women Engineers, bestowed during the 
National Convention of the Society of 
Women Engineers at its March ban- 
quet, went to Mrs Rebecca Hall Spar- 
ling, who is in the engineering depart- 
ment of Convair, a division of General 
Dynamics. 

Mrs Sparling is concerned with new 
developments in materials and process- 
es for the design and manufacture of 
guided missiles and other special ord- 
nance weapons for the Navy. 

A graduate of Vanderbilt University, 
Mrs Sparling is a registered profes- 
sional (mechanical) engineer and a 
member of a number of technical and 
professional organizations. She has 
held various technical positions through- 
out the country, as well as having her 
own office as a consultant metallurgist 
in Detroit. 


Automation Problems under Review 
at Forthcoming Symposium 


Sponsored by the Professional Group 
on Production Techniques of the In- 
stitute of Radio Engineers, the First 
National Symposium On _ Production 
Techniques to be held June 6-7, Willard 
Hotel, Washington, D. C., will include 
panel discussions and _ talks. 

During the first session panel talks 
will be delivered on “The Component 
Manufacturer’s Problems in Supplying 
Material for Automation,” by Albert 
H. Postle, Sprague Electric Co.; “The 
Procedure Followed by a Nationally 
Known company who chose to Develop 
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Flexibility 
for 
Designers 


Adjust A You 


SOOBU 


VARIABLE AUTO-TRANSFORMER 


2-GANG 500BU 
(Alse avoilable in 3-gang) 


Designed for back-of-panel mounting, 
the versatile SOOBU Adjust-A-Volt 
variable auto-transformer offers the 
dependability and flexibility you have 
been looking for. 

Shaft can be adjusted without dis- 
turbing rotor and commutator align- 
ment. Terminal board connections 
allow for either clockwise or counter- 
clockwise rotation, as well as over- 
voltage or line-voltage operation. 

Ganged units are available to pro- 
vide increased current output, increased 
voltages, or for polyphase operation. 

Specifications of the S00OBU type— 
input voltage, 115 V; load rating, 1.0 
KVA; output—0 to 135 V; output amps 
max. 7.5 A; driving torque in oz., 20- 
40. For more data, send for the catalog 
on the complete Adjust-A-Volt line. 


STANDARD 


ELECTRICAL PRODUCTS CO. 
2240 E. THIRD ST., DAYTON, OHIO 


Calendar of Meetings 


May 1-3—1957 Electronic Compo- 
nents Symposium, cosponsored by 
AIEE, IRE, RETMA and West 
Coast Electronic Manufacturers As- 


sociation; Morrison Hotel, Chicago. 


May 1-3—1957 Spring Meeting and 
Exhibit, Experimental 
Stress Analysis, Hotel Statler, Bos- 
ton, Mass. 


Society for 


May 3-7—-First Western Air Con- 
ditioning, Heating, Ventilating, Re- 
frigeration Conference and Exhibit; 
sponsored by the American Society 
of Air Conditioning and Heating 
Engineers; Shrine Exposition Hall, 
Los Angeles. 


May 5-8—Annual Meeting of the 
Air-Conditioning and Refrigeration 
Institute, The Homestead, Hot 
Springs, Va. 


May 12-16—lllth Meeting, Elec- 
trochemical Society (including Tech- 
nical Sessions conducted by the Elec- 
tric Insulation, Electrothermics, In- 
dustrial Electrolytic, and Theoretical 
Division of the Society), Hotel Stat- 
ler, Washington, D. C. 


May 14-16 Industrial Nuclear 


and Make Their 
their Early Acceptance and Implemen- 
tation of Automation,” by Mel Parkes, 
Admiral Corp; and “A Prediction on 
the Future Machinery of Automation 
Based on the Past Experience of a 
Company Engaged in this Field,” by 
R. W. Daniels, United Shoe Co. 

The second session will be devoted 
to “Design for Production.” The third 
session will consider “Military Prob- 
lems in 


Own Machinery in 


Implementing Automation.” 
Emphasis will be on a survey of the 
problems in adapting military equip- 
ment to automation production and 
techniques, with representatives from 
the military, government agencies and 
industries speaking on aspects of auto- 
mation problems of particular concern 
to them. 


Symposium On Plastics For Electronics 

The New England Sections of the 
Society of Plastics Engineers, Inc. will 
hold a first one-day technical session on 
Friday, June 14, 1957 at Lowell Tech- 
nological Institute, Lowell, Mass. Plans 


are set to make this New England One- 


Day Technical Session an annual event. 
Topic for this year will be “Plastics 


Technology Conference, cosponsored 
by Armour Research Foundation and 
Nucleonics Magazine, Museum of 
Science and Industry and Shoreland 
Hotel, Chicago. 


May 19-22 Industrial Heating 
Equipment Association Conference, 
Hot Springs, Va. 


May 20-21—Eighth Annual Appli- 
ance Technical Conference; Sub- 
committee on Domestic Appliances 
of the AIEE, Engineering Societies 
Bldg., Detroit, Mich. 


May 20-23—Design Engineering 
Conference, sponsored by the 
ASME (held concurrently with 1957 
Design Engineering Show), the Col- 


iseum, New York City. 
June 2-5 


American Society 
Engineers, Hotel 


Miami Beach, Fla. 


June 14—Regional Technical Con- 
ference on “Plastics for Electronics,” 
New England Sections of the Society 
of Plastics Engineers, to be held at 
the Lowell Institute of Technology, 
Lowell, Mass. 


Annual Meeting, The 
of Refrigerating 


Fontainebleau, 


for Electronics.” Papers will be se- 
lected from a list of subjects that in- 
clude: Dielectric Insulation; Potting, 
Encapsulating and Impregnating; 
Fluorocarbons in Electronics; and Sili- 
cones in Electronics. Also: Plastics for 
Printed Circuits; Artificial Dielectrics; 
and Conductive Plastics for Electronics. 

Further information may be obtained 
from the General Chairman, Ralph L. 
Mondano, Raytheon Mfg. Co., 
St., Waltham 54, Mass. 


Seyon 


Coast Guard Electronics Expert 
Joins RETMA 


Comdr. Edmund B. Redington, recently 
retired Coast Guard electronics expert, 
has joined RETMA as a staff engineer 
and liaison member of the RETMA En- 
gineering Department assigned to the 
Military Products Division at RETMA 
headquarters in Washington. 

Comdr. Redington will assist Capt. 
Henry Bernstein, RETMA Military En- 
gineering Coordinator, in distributing 
proposed military electronics specifica- 
tions. In addition, he will be secretary 
to all committees of the military equip- 
ment panel of the Engineering Depart- 
ment. These “M” committees work on 
various military problems of an engi- 
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where, how and why 
aluminum cuts weight 
and cost in new 
high voltage 
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There is a way to make heavy-duty 
electrical equipment lighter in weight, 
more attractive and less costly. 

The way: durable, lightweight, rust- 
proof aluminum—the metal that’s 
plentiful today, and will always be 
readily available in the future. 

The proof: new experimental high 
voltage air break switches like the one 
above. All structural members of this 
115,000 volt, 600 ampere switch are 
aluminum, and the base is welded alu- 
minum sections. 

In addition, bearing housing, crank 
levers and inter-tie rods near the base 
are aluminum. Aluminum castings are 
used for top hardware, and the switch 
blade is an annealed aluminum tube 
with flattened ends. 


LECTRICAL SYSTEMS 
FROM POWER SOURCE TO END USE 


feynolds exciting dramatic series, Sundays, NBC-TV 


READER INQUIRY SERVICE CARDS, PRECEDING 


BACK COVER 


Corrosion-resistant aluminum fits this 
new switch for duty under the toughest 
conditions. And the switch will be 
easier to handle, build and install 
because of aluminum’s lightness. 

From power source to end use, for 
conversion or new applications, alu- 
minum is cutting costs and improving 
performance in countless other types 
of electrical equipment. 

For details and assistance from 
Reynolds Engineering Service on your 
products or problems, call your nearest 
Reynolds Office, or write Reynolds 
Metals Company, P. O. Box 1800-ED, 
Louisville 1, Kentucky. 


The Finest Products 
Made with Aluminum — 


are made with 


TST MIS eo VUE UL 





Creative Papers from Mosinee 


... are custom-tailored to specific needs 


... particularly the electrical industry's 


Making a tougher wrapping 
for packaging hard cash 


BraAnpt AUTOMATIC CASHIER Co. 
makes the paper wrappers for both 
coins and paper currency. While the 
job might seem simple enough, the 
paper from which the wrappings are 
cut and formed must have the right 
combination of qualities. It must 
have a good printing surface, be 
easy to glue and must have inherent 
strength to prevent both collapse 


when being filled and rupture if 
dropped. 

MOSINEE created the sulphate 
paper needed . . . maintains uniform- 
ity of all desired characteristics with- 
in each run and from order to order. 

To see how Mosinee may be able 
to help you get the correct papers 
for your product, processing or 
packaging, mail coupon. 


MOSINEE 


PAPER MILLS CO. 
MOSINEE, WIS. 


MOSINEE PAPER MILLS CO., Dept. EM-5, Mosinee, Wisconsin 
Please furnish details on how you can create special papers to meet our needs. 


FIRM 
CITY 
ADDRESS... 


j PRODUCT 


TITLE 


STATE 
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| ternational 


neering nature and are staffed by elec- 
tronics industry personnel. 

Active in the field of electronics for 
more than 30 years, Comdr. Redington 
retired from the United States Coast 
Guard after 17 years service. He 
joined the Coast Guard in 1940 to or- 
ganize and administer its electronic 
technical training program. From 1955 
until his retirement this year, he was 
chief of the communications and search 
section for electronics engineering at 
Coast Guard headquarters. 


NEMA Forms Semiconductor 
Informational Committee 

The National Electrical Manufacturers 
Association has formed a special in- 
formational committee to keep industry 
and the public abreast of new devel- 
opments in semiconductors. 

The committee is composed of top 
engineering and other executives of 
representative NEMA member com- 
panies in the Section. They include: 
Julian Lobenstein, Brooklyn, N. Y., 
Radio Receptor Company, Inc.; Bert 
G. Lattimore, Buffalo, N. Y., General 
Purpose Control Department, and Ed- 
ward J. Laughlin, Metallic Rectifier 
Section, Motor and Control Division, 
both of Westinghouse Electric Corp.; 
Gordon L. Nord, Rossmoyne, Ohio, 
Schauer Manufacturing Corp.; Fred 
Spaugh, Manager, Marketing Research, 
Rectifier Department, and John M. 
Warner, Rectifier Department, both of 
General Electric Co. at West Lynn, 
Mass., and H. Paul Weirich, North 
Chicago, Ill., Rectifier-Capacitor Divi- 
sion, Fansteel Metallurgical Corp. 

The Semiconductor Rectifier Section, 
in existence since 1948, has as a 
major activity the development of stand- 
ards for semiconductor components and 


equipments by twenty technical com- 


mittees and representation at the In- 
Electrotechnical Commis- 


sion’s annual two-week conferences. 


| Welding Contest Judges Named 


Dr. Donald S. Clark, president of the 
American Society for Metals, has an- 
nounced the names of the four weld- 
ing authorities who will serve with 
him in judgirg entries in the first 
annual $1500.00 Gregory Award Com- 
petition for the most significant con- 
tribution in the field of stud welding. 

Included are: W. H. Schuster, super- 


| visor of Welding, American Car & 


Foundry Division, ACF Industries, Inc., 
New York, N.Y.: J. H. Weigel, Com- 
bustion Engineering, Inc., St. Louis, 
Mo.: Dr. Robert D. Stout, Bethlehem, 
Pa. and T. J. Griffin, Head Civilian, 
Welding, Casting and _ Fabrication 
Branch, Department of the Navy, Bu- 
reau of Ships. 

The deadline for entries in the com- 


| petition is midnight June 30, 1957. 
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HERE’S NEW 


PRECISION in CERAMICS 


NARROW NECK 
Ai 
me 


age s 
MINIATURE 
hy r fi. 
STN .” 


Disc cathodes shown 
approx. actual size 


High quality of SUPERIOR’S disc cathodes 
made possibie with G-C precision steatites 


Superior Tube Company’s miniature disc cathodes save 
space and heater power, reduce cost to users of cathode 
ray tubes by utilizing slender tube necks. The application 
required Steatite discs with a heretofore unobtained 
degree of dimensional accuracy. General Ceramics’ pro- 
gressive manufacturing techniques have made it possible 
to achieve these critical tolerances and maintain absolute 


uniformity in volume production runs. Since the inception 
of Superior’s disc cathodes in 1950, engineers at General 
Ceramics have helped produce more compact, precision 
components by refining tolerances over 50% on steatite 
discs. New design criteria on precision steatites for your 
products is available now — write to General Ceramics 
Corporation, Keasbey, New Jersey, Dept. ME. 


GENERAL CERAMICS 


Industrial Ceramics for Industrial Progress... Since 1906 


FERRAMIC 
MAGNETIC CORES 


Ce 


FERRAMIC CORES 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


MAGNETIC 
MEMORY PLANES 


a, 


“ADVAC” HIGH 


TEMPERATURE SEALS SOLDERSEAL TERMINALS 
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The award will be presented at the 
1957 Award Luncheon of the Ameri- 
can Society for Metals in Chicago 
November 5, 1957. 

Information on the competition may 
be obtained from Gregory Industries, 
Inc., Lorain, Ohio, manufacturers of 
Nelson stud welding equipment, or 
from the American Society for Metals, 
7301 Euclid Avenue, Cleveland 3, Ohio. 





Appliance Developments and Controls— 
Theme of Eighth Annual Technical 
Appliance Conference 


Program of the Eight Annual Appliance 
Technical Conference, sponsored by the 
American Institute of Electrical Engi- 
neers, to be held May 20-21, Engi- 
neering Societies Building, Detroit, 
Michigan, will be devoted to current 
problems and the evaluation of impor- 
tant trends. 

Among the topics to be considered 
are the following: “Safety in the De- 
sign of Portable Appliance”, by R. H. 
Gardner, The Hoover Co; “The Elec- 
tronics of Domestic Microwave Ovens”, 
by D. L. Winsor, Raytheon Manufactur- 
ing Co.; and “Digital Computers-A 
Tool for Industry”, by D. V. Newton, 
IBM. 

The design and use of sequential 
timers on major domestic appliances 
with particular reference to laundry 
equipment, will be the subject of 
“Sequential Timers—Designs and 
Trends,” by A. R. Constantine, King- 
ston Products Corp. In his paper on 
“Recommended Standards and Proced- 
ures for Solenoids,” I. Gebel and D. 
O. Myers, Controls Company of Amer- 
ica, will discuss solenoid characteris- 
tics and procedures and techniques for 
obtaining repeatable results and a rec- 
ommended method for presenting the 
There’s no need to compromise or improvise with data. 

“Appliance Thermostat Applica- 
tions,” is the theme of a paper by D. 
J. Schmitt, Ther-O-Disc, Inc., that will 
discuss fundamental problems of ther- 





ordinary stock relays. Comar can supply 
COMPLETE 


whatever combination of switches, contacts, ENGINEERING, 


MANUFACTURING Se ae a 

stat é cation ¢ sc ons. 

coils, leads and mountings you need. AND SEALING 7 ae ns om seer 
FACILITIES An address will be made by &. O. 


Custom-made to match your product, installation ALL IN George, vice-president, Detroit Edison 

ONE PLANT Company, who will discuss “The Big 

% Challenge for the Appliance Industry,” 
with emphasis on design requirements 
for obsolescence, improved perform- 
ance, and service for appliances. Many 
other papers are also scheduled for 
delivery. Further information may be 
obtained from D. C. Krammes, Chair- 
man, Subcommittee on Domestic Ap- 
pliances, AIEE, Hoover Co., North 
Canton, Ohio. 


is easier, performance is better, 
cost is surprisingly low. 


Inquiries invited. 


Aviation Electrical Devices On Display 


The Aircraft Electrical Society will 

DP BS ev conduct its annual display of latest 

3349 ADDISON ST., CHICAGO 18, ILLINOIS . | aviation electrical products in the Pan 

Pacific Auditorium, Los Angeles, Oct. 

24 and 25. More than 15,000 engineers 

RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING | and specialists are expected to attend 
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WISE CHIEFS KNOW 


. precision-insulated 
Roebling Magnet Wire 
always exceeds specifications 


Types, sizes and insulations to fit your exact requirements, packaged 


) 


All 


to suit your need for speed in production. Write today for free, new 
catalog and magnet wire properties table to Electrical Wire Divi- 
sion, John A. Roebling’s Sons Corporation, Trenton 2, New Jersey. 


sun 
+3 


ROE BLinc é 


Branch Offices in Principal Cities iT] 
Subsidiary of The Colorado Fuel and Iron Corporation 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





Was Standard! 


Special! Unusual! 


AEROVOX makes them all from the largest 
high-voltage applications to micro-miniatt 

in guided missiles. And apacitors need 

shapes, but can run the gamut of physical configu 

are just a few of the many unusual capacitors Aerovox has 
to design and produce in recent months 


TELeh3 a; 


been 


SPECIAL . . . bracket or ‘“‘hat-type’’ 
mounting assembly for a standard 
bathtub capacitor. 


Le ary my 


SMALL .. . only .175” D 
x %e” L., this hermetically- 
sealed metal cased unit is rated 


at .01 mf " 
t 01 mid at 200 vde BIG . . . rack-mounted oil units 


for energy storage and pulse 
applications. 


MULTI-SECTION ... 
one of the many multi-section ca- 
pacitors designed for critical mili- 
tary applications. 


UNUSUAL... metal cased 
mica capacitor for applica- 
tion in high power sonar 
equipment. 


TOROIDAL . . . in shape is this 
hermetically-sealed filter for 
RF noise suppression usage. 
SLIM... and thin 
metallized-paper capacitor 
designed for a special application. 


Maybe these unusual shapes and designs offer 


suggestions for your capacitor requirements. If 
so, write 


FROVOX coRPORAT! da 


New Bedford, Mass. 


In Canada: AEROVOX CANADA, LTD., Hamilton, Ont. 


Export: Ad. Auriema., 89 Broad St., New York, N. Y. * Cable: Auriema, N. Y. 





the display. at which time leading 
equipment manufacturers will exhibit 
new products. 

The Aircraft Electrical Society is a 
nonprofit organization that promotes 
recognition of aviation electricity, and 
provides a medium for exchange of 
ideas and information. The annual 
product display is a highlight of each 
years AES activities. 


ASME Plans Elaborate 
Semiannual Meeting 


Feature of the semiannual meeting of 
the American Society of Mechanical 
Engineers, to be held June 9-14 in 
San Francisco, will be a four-part 
symposium on Biotechnology—the study 
of operation of the human body as an 
engineering problem. Taking part in 
the sessions will be engineers, medical 
men and experts on the adaptability 
of the body to such extreme conditions 
as “thermal flight.” (Thermal flight 
involves travel at such high speeds 
that friction between aircraft and 
mosphere sharply raises temperatures. ) 
The meeting is expected to be one 
of the largest of its kind ever held 
on the West Coast. 

Thousands of engineers and other 
specialists are expected to attend the 
more than sixty technical sessions and 
panel discussions included on the ASME 
Semi-Annual Meeting program, at the 
Sheraton Palace Hotel. More than 130 
papers will be presented and discussed, 
making this meeting the largest semi- 
annual program in the 77-year history 
of the Society. 

Those attending the meeting will 
tour industrial installations in the area, 
including the United Airlines Mainte- 
nance Base, the San Francisco Naval 
Shipyard, the General Electric atomic 
laboratory at Pleasanton and the Aero- 
jet General plant at Sacramento. 

There will be a separate two-part 
program on “Design for Thermal 
Flight” to consider such problems as 
design of aircraft and use of heat- 
resistant materials in their construction. 

Six luncheon and banquet speakers 
will address the group during the 
four day meeting. 

Other topics covered at the meeting 
include: metals engineering; design of 
nuclear power plants; use of computers 
and other electronic devices in power 
plants and in machine design; appli- 
cation of solar energy to industrial 
operations and new approaches to 
lubrication problems. 


Nomination Invited For Outstanding 
Young Engineer of 1956 


John H. Craig, chairman of the Award 
Organization Committee of Eta Kappa 
Nu Association, national electrical en- 
gineering honor society has announced 
the opening of nominations for 1956's 
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USS Electrical Steel News 


Fasco Industries, Inc. reports: 


Consistent quality of USS Electrical Steels 
helps maintain quality of Fasco Motors 


Pe os ig 


setae as oa dain. = i 3 ‘ 
Mr. W. F. Purvis of Fasco Industries, Inc., examines a 
motor stator of a type fabricated from USS Electrical 
Steel. Fasco Industries, Inc., makes a complete line of 
shaded pole AC motors from 1/500 to 1/6 hp. Most of these 
motors are tailored to specific jobs, so quality is of utmost 
importance. They get the consistently high quality they 
need from USS Electrical Steel Sheets. 


MORE COLD-REDUCED COILS. If you, like many 
other manufacturers in the electrical industry, are con- 
verting to the use of continuous, cold-reduced coils, 
you will benefit from the expanding coil facilities of 
United States Steel. Continuous cold-reduced coils 
offer an improved surface, lower scrap loss and superior 
punching properties with the resultant dollar saving to 
the manufacturer. 

The Fourth Edition of the USS Electrical Steel 
Sheet Engineering Manual, a standard handbook 
throughout the electrical industry, can be obtained by 
merely mailing the coupon at right. 


B00 Bae de 


Service records show 
good die life and 


uniform electrical properties 


ne INDUSTRIES began producing small fans in 1932, and 

the motors were of such a good quality that other manu- 
facturers of motor-driven equipment began to ask Fasco to 
supply motors for their products. Since that time the Motor 
Division of Fasco Industries has grown to be one of the major 
suppliers of fractional horsepower motors and now has a 
capacity of 10,000 motors per day. 

High quality has been a constant goal at Fasco and they 
believe that this quality begins with the basic raw materials. 
Mr. W. F. Purvis states that USS Electrical Steel Sheets are 
used to produce laminations for Fasco motors because: 

“We have found by statistical quality control of our lamina- 
tions and through carefully maintained records of our die life 
that USS Electrical Steels can be relied on to give consistently 
good die life and uniform electrical and mechanical proper- 
ties in the finished motors. Since quality is the main selling 
point for Fasco motors, quality USS Steels play an important 
role in our operations.” 


UNITED STATES STEEL CORPORATION, PITTSBURGH 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 


UNITED STATES STEEL SUPPLY DIVISION 
WAREHOUSE DISTRIBUTORS 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


———GET COMPLETE INFORMATION—MAIL THIS COUPON 


United States Steel 
Room 5529, 525 William Penn Place 
Pittsburgh 30, Pa. 


Blectric ai 
ba 


Send my free copy of the new Fourth Edition of ‘‘USS 
Electrical Steel Sheets’’ which contains detailed curves 
and data on magnetic and physical properties of the 
individual grades. 
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zinc die castings! 


No electroplating--no 
mechanical finishing! 


PART AS CAST 


brightens zine die castings by chemical 
polishing, protects against corrosion 


NOW, FOR THE FIRST TIME you can get a brilliant, decorative finish 
directly on zinc die-cast parts . . . without mechanical finishing, with- 
out electroplating! The luster is provided by the chemical polishing 
action of new Iridite (Cast-Zinc-Brite) solution. Even surface blem- 
ishes, such as cold shuts, are brightened by this new process. No 
electrolysis. No special equipment. No specially trained personnel. 
Just a simple chemical dip for a few seconds and the job is done. 
And, this new Iridite has been tested and proved in production. 


CORROSION RESISTANCE, TOO! New Iridite (Cast-Zinc-Brite) provides 
exceptional corrosion resistance for bright-type chromate finishes. . . 
also guards against blueing or darkening by eliminating zinc plate 
formerly required in bright chromate finishing of zinc die castings. 


AS A BASE FOR ELECTROPLATING—Lower mechanical finishing costs are 
possible where plated finishes are required since the brightness pro- 
vided by this new Iridite may be sufficient. 


LET US SHOW YOU what Iridite (Cast-Zinc-Brite) can do for you. Send us at 
least a half-dozen typical zinc die-cast parts for FREE PROCESSING for your 
own tests and evaluation. Or, for immediate information, call in your Iridite 
Field Engineer. He's listed under "Plating Supplies” in your classified ‘phone 
book. IMPORTANT: when you give us samples for test processing, please be 
sure to identify the alloy used. 


ina Researcy Propucts 


INCORPORATED 


4004.06 E MONUMENT STREET © BALTIMORE 5 MD 


Outstanding Young Electrical Engineer. 

Nominations are solicited from the 
American Institute of Electrical Engi- 
neers, Institute of Radio Engineers, 
employers of electrical engineers, and 
accredited colleges. 

Candidates do not have to be mem- 
bers of Eta Kappa Nu, but must be 
less than 35 years of age and have 
baccalaureate degrees in electrical en- 
gineering from colleges in the United 
States and Canada within ten years 
prior to May 1, 1957. Selections are 
made by a Jury of Award appointed 
from among leaders in industry and 
education by the National President 
of Eta Kappa Nu. 

Awards are made on the basis of 
social and civic accomplishments as 
well as technical achievements. 

Now one of the most important ci- 
tations given to members of the elec- 
trical engineering profession, the award 
not only honors the recipient but is 
an incentive for other young men to 
pursue further activities which would 
bring honor to their profession and 
to themselves. 

Nomination forms may be obtained 
from A. B. Zerby, Executive Secretary, 
Eta Kappa Nu Association, P. O. 
Drawer 447, Dillsburg, Pa. Nominations 
should be returned to Mr. Zerby not 
later than May 31, 1957; nominations 
received after that date will be proc- 
essed, but dossiers may not be com- 
plete when the Jury of Award meets 
in early October. 


ASTM and ASA Advisory Committees 
Meet Jointly at The National 
Bureau of Standards 


The ASTM and ASA Advisory Com- 
mittees to the National Bureau of 
Standards met recently at the National 
Bureau of Standards to review testing 
activities of the Bureau and to make 
recommendations as to goals that 
should be sought in the areas of cali- 
brations, standard samples, test meth- 
ods, and related service activities. 

Dr. A. V. Astin, the Director of NBS, 
stated that broadly the Bureau’s ob- 
jective in these areas is to develop 
and promote the use of those stand- 
ards of measurement that are needed 
by science and industry. He stressed 
that the Bureau should concentrate its 
efforts and resources on those services 
which it is in a unique position to 
render. For example, the primary aim 
should be to provide master or refer- 
ence standards which are themselves 
used to calibrate other standards or 
operating instruments. Other laborator- 
ies should be encouraged to calibrate 
their own working standards against 
the master standards provided by the 
Bureau. 
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Talk about impact resistance! The 5-year-old Anaconda 
cable supplying this giant shovel with power was buried 
under thousands of tons of rock when a whole wall of 
the open pit mine caved in .. . yet the cable continued to 
supply power! This is one of the many Anaconda prod- 
ucts featuring Enjay Buty] for outstanding performance. 

Enjay Butyl is unmatched in its resistance to impact 
and abrasion, moisture and weathering, ozone and 
corona... properties that make it the world’s out- 
standing rubber value. 

; Low in cost and immediately available in a grade 
tailor-made for your electrical application, Enjay Butyl is the rubber to boost 
performance and cut costs. For further information, and for expert technical 
assistance, contact the Enjay Company. 


Pioneer in Petrochemicals 


ENJAY COMPANY, INC., 15 West 5ist Street, New York 19, N. Y. 
Akron « Boston + Chicago « Los Angeles « New Orleans + Tulsa 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


BUTYL 


Enjay Buty] is the world’s greatest rubber 
value ...the super-durable rubber with 
outstanding resistance to aging « abra- 
sion + tear « chipping « cracking « ozone 
and corona « chemicals + gases « heat « 
cold « sunlight « moisture. 
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Engineering 
Standards 


Brazing Filler Metal 


An improved edition of the Specifica- 
tion for Brazing Filler Metal has just 


is ready been issued jointly by the American 


Welding Society and the American 

Society for Testing Materials. 
Design engineers, does electricity operate The 
your products? Here is a concise, easy to ‘ ° o.8 . e 

» >, = > ~ . 
read booklet with facts. Tells why PRINT-_____ c lude d in this edition (AWS A5.8; 
ED CIRCUITRY is now the most logical ASTM B260) cover every type of 
and economical means for you to connect brazing filler 
components of an electrical circuit. Tells 
how Croname can assist you. Serious PES : ts. i : 
about your work? Then write today! principal constituents, into seven types: 


twenty-nine classifications in- 


metal in common use 
today. They are grouped, according to 


aluminum-silicon 


a ee aaa 


| N ee Cc 4 FP > = yan BE = i) ee ee 
copper and copper-zince 


1769 GRACE ST. CHICAGO 13, ILLINOIS magnesium 


other Croname products - ~ - 53 years of leadership heat-resisting materials 

Nameplates, dials, panels, escutcheons, mechanisms, light assemblies, masks, 

bezels, cabinets, control panels, decorated glass, CroRoto embossed The new revision provides details on 

chemical compositions of the filler met- 

als, standard sizes and lengths, packag- 
es ing and marking. 

Spiral Wound . 


A handy appendix, intended as a 


guide in the selection of the best filler 
metal for a given application, contains 
+ 


FLAT data on the use of each classification. 
-_ FO ae oa . y 
SHARP SIDE SMALL Speed and Improve This includes brazing temperature 


SQUARE WALLS OUTSIDE ranges, joint designs, joint clearances, 
INSIDE CORNER hb deh ho | color of the brazed joint and informa- 


CORNERS RADIUS tion on many other properties. 
Copies of this Specification can be 
obtained at 40 cents each from the 
SPIRAL WOUND ae ee ag ate heron 
ey ar ae ‘ St.. New Yor ya og, OR Ree 
nag American Society for Testing Mate- 
rials. 1916 Race Street. Philadelphia 3, 
Pa. 


ANY SIZE—SQUARE OR RECTANGULAR 

PARAFORMED paper tubes simplify coil winding Motors and Generators 
operations and speed production, yet cost no more. Series of revised pages for publica- 
No sharp outside edges ale or a et ee so meskes ven eee, Mee eee 
wo ae owe Raalirtedeer taken. place at a i of spiral is revisions for the Publication includ- 
wo meet tor wedges to winding. Hi-Diclectric. Hi-Strencth. Kraft. Fish ing page numbers 1, 2 and 2a, 3, 4, S, 
Permits winding coils Paper, Acetate, Red Rope or any combination 6 and 7 = Part one. An extensive 
to closer tolerances wound on automatic machines. Produced from number of pages have been revised in 
““apetel cea stock arbors or special sizes engineered for you. : parts 3, 4, and 7. Revised pages are 
Allows faster stacking Can also be supplied in regular or with slight bow. [i also included for parts 2, 5, 6, 8 9, 
Senne coms oe ~ ' 10, 11, and 12, as well as 13, and 14. 
ey Ce ‘ es fe Copies of the complete NEMA Stand- 
fe t “= Write on company ards Publication for Motors and Gen- 
aqramoun PAPER TUBE CORP. letterhead for erators may be obtained from the 
612 LAFAYETTE STREET, FORT WAYNE 2, INDIANA nin aioe National Electrical Manufacturers As- 
Manufacturers of Paper Tubing for the Electrical Industry Since 1931 sociation, 155 East 44th St., New York 


17, N.Y.. at a cost of $9.50. 


+ 
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Is a Small Blower 
Your Problem ? 


... THEN CONSULT FASO... FIRST! 


Fasco now makes small Centrifugal Blowers for 
use wherever efficiency-robbing heat must be 
eliminated . . . wherever air must be kept on the 
move. Many manufacturers of electronic 
equipment ... commercial, marine, aviation and 
household ventilating apparatus . . . gas burners, 
LArOMAANE Comet dryers and furnace boosters... depend on 
Gives eu compact, quiet-running FASCO Blowers to 
DO THE JOB with maximum efficiency, 
minimum attention and cost. FASCO Centrifugal 
Blowers are available in output ratings ranging 
from 15 to 320 C.F.M. Consult FASCO about the 
a application for your job... or design of a 
eb as ae wp a a, | Blower to meet your requirements. 


STATIC PRESSURE, INCHES OF WATER 
42 WATTS FREE AIR AT 2700 RPM 


PERFORMANCE CURVE 


50757-29x BLOWER i? FASCO Fractional H.P. Motors 

eer to Tato ees Tt 8 are also readily adaptable to 

your uses. They’ re static-free 

. cause no radio or TV in- 

terference. With oversize, 

self-aligning bearings, they 

run cool... require no atten- 

= tion except occasional oiling. 

ee eee ener eee = Available in FHP ratings 
STATIC PRESSURE, INCHES OF WATER ; from 1/500 to 1/4. 


4! WATTS FREE AIR AT 1550 RPM 


ee gt ata 


PERFORMANCE CURVE This catalog gives complete 

anos data and specifications on 
FASCO Shaded Pole FHP 
Motors and Blowers, also 
new Permanent Split Capac- 
itor FHP Motors. A copy 
is yours for the asking. 


°o os 0 20 25 30 35 40 45 50 35 
STATIC PRESSURE, INCHES OF WATER 
O5 WATTS FREE AIR AT 1450 RPM. 
i /;AYa INDUSTRIES, INC. 


ROCHESTER 2,NEW YORK 


FRACTIONAL H. P. MOTORS aan BLOWERS | 


IE RE 4 ot SRG RRA Seas 
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For... Epoxy Resin Base 
Varnishes and Compounds 


Borthig Epoxy Varnishes and Compounds for 
insulating Electrical Equipment and Electronic 
Components have long since proved their worth. 


Epoxy products by Borthig are in the fore-front 
for high dielectric properties, hardness, high ten- 
sile strength, tenacious adhesion and corrosion 
resistance. 


Whether your need is for... 
Baking Varnishes 
Air Drying Varnishes 
Epoxy Thixotropic Pastes 
Epoxy Molding Compounds, or 
Pre-Activated Epoxy Compounds 
Borthig can supply you. 


SOLVED PROBLEMS are another product we deliver 


GEORGE C. BORTHIG CO., INC. 


ALL a 


EAST RUTHERFORD 6, NEW JERSEY, Drawer 115° 


Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTHRING 
as your source. 


ELECTROMAGNETIC CONTROL—Seven 
new catalogs from a manufacturer of 
electromagnetic control and_ solenoid 
valves include Catalog 57-Sl, which 
provides complete information on Auto- 
matic Transfer Switches (mechanically 
or magnetically held). Catalog 57-S2 
covers a line of Remote Control 
Switches. Catalog 57-S3 describes an 
extensive line of magnetically held Con- 
tactors. Catalog 57-S4 describes a 
complete line of Relays. These relays 
are available magnetically or mechani- 
cally held and may be obtained in 
unlimited pole combinations. Variety 
of solenoids are listed in Catalog 57-S5. 
Catalog 57-S is the complete Electro- 
magnetic Control Catalog. This com- 
bines information on Catalogs 57-S1 
through 57-S6. For copies, write on 
company letterhead to Automatic Switch 
Co., 50-56 Hanover Road, Florham 
Park, N. J. 


SILICONE RUBBER—The 48 pages of 
“1957 ... Silicone Rubber” present a 
basic up-to-date report on silicone rub- 
ber complete with 38 graphs and fig- 
ures. Included are reprints of three 
papers presented by company chemists 
at recent Silicone Rubber Symposiums 
held in six aircraft centers across the 
country. The papers discuss the basic 
chemistry, the properties due to this 
chemistry and the considerations and 
compromises involved in compounding 
silicone rubber for fabrication. The 
booklet is available in the United States 
only at $1.00 a copy from The Connec- 
ticut Hard Rubber Co., 407 East St., 
New Haven 9, Conn. 


MANUAL OF CONSULTING AND DE- 
SIGN ENGINEERING PRACTICES—The 
Michigan Engineering Society, con- 
cerned with the need for more con- 
cise and detailed information on the 
various kinds and types of available 
consulting engineering services, has 
issued a 20-page booklet entitled, “Man- 
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ACTUATION PROBLEM too tough for ordinary devices? 


SAGINAW CAN HELP YOU SOLVE IT! 


Saginaw b/b Screws 
guaranteed 90% efficient 
—offer 6 major ad- 
vantages for designers 


Available in custom machined and commercial 
rolled thread types—have been built from 112 
inches to 394 feet long—% to 10 inches diameter. 


5 


YOUR FREE COPY OF THIS 
NEW b/b SCREW AND SPLINE 
“PROBLEM SOLVER” SHOWS HOW 


36 pages crammed with time-, work-, and money- 

saving facts: Principles e Types « Basic Operations « 

Coupling Methods ¢« Efficiency * Advantages « 

A Selection Factors « Design Data ¢ Sample Problems 
a 
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Nut glides on steel balls. Like stripes on 
a barber pole, the balls travel toward 
end of nut through spiral “tunnel” 
formed by concave threads in both 
screw and mating nut. 


1 VITAL POWER SAVINGS. With 
guoranteed efficiency of 90%, Sag- 
inaw b/b Screws are up to 5 times as 
efficient as Acme screws, require only 4 
as much torque. This permits much smaller 
motors with far less drain on the electrical 
system. Circuitry is greatly simplified. 


2 SPACE/WEIGHT REDUCTION. Sog- 
inaw b/b Screws permit use of smaller 
motors and gear boxes; eliminate pumps, 
accumulators and piping required by hy- 
draulics. In addition, Saginaw b/b Screws 
themselves are smaller and lighter. Units 
have been engineered from 1% in. to 
39 ft. in length. 


PRECISE POSITIONING. Mochine- 

ground Saginaw b/b Screws offer a 
great advantage over hydraulics or pneu- 
matics because a component can be posi- 
tioned at a predetermined point with 
precision. Tolerances on position are held 
within .0006 in./ft. of travel, 


At end of trip, one or more tubular 
guides lead balls diagonally back 
across outside of nut to starting point, 
forming closed circuit through which 
balls recirculate. 


4 TEMPERATURE TOLERANCE. Nor- 
mal operating range is from —75° to 
+275° F., but assemblies have been de- 
signed in selected materials which function 
efficiently as high as +900° F. These units 
ore practical where hydraulic fluids have 
lost efficiency or reached their flash point. 


LUBRICATION LATITUDE. Even if 

lubrication fails or cannot originally 
be provided because of extreme tempera- 
tures or other problems, Soginaw b/b 
Screws will still operate with remarkable 
efficiency. Saginaw units have been de- 
signed, built and quolified for operation 
without any lubrication. 


FAIL-SAFE PERFORMANCE. For less 

vulnerable thon hydraulics. In addi- 
tion, Saginaw offers three significant ad- 
vantages over other makes: (1) Gothic 
arch grooves eliminate dirt sensitivity, in- 
crease ball life; (2) yoke deflectors and 
(3) multiple circuits provide added assur- 
ance against operating failure. 


CUGLUTLOUUU 


SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS 
WORLD'S LARGEST PRODUCER OF BALL BEARING SCREWS AND SPLINES 


READER INQUIRY SERVICE CARDS, 


Screws 


PRECEDING BACK COVER 


SAGINAW 
b/b SPLINE 


@ Averages 40 times 
lower coefficient of 
ordi- 


friction than 


nary sliding splines! 


Utilizing the same basic gliding ball principle, Saginaw has 
developed the Saginaw b/b Spline which radically increases 
the efficiency of transmitting or restraining high torque loads. 


It can be fitted with integral gears, clutch dogs, bearing and 
sprocket seats, etc. Units have been built from 3 inches to 
10 feet long—*% to 6 inches in diameter. 


SEND TODAY FOR THIS FREE 1957 
ENGINEERING DATA BOOK... 


or see our section in Sweet’s Product Design File 


Saginaw Steering Gear Division 

General Motors Corporation 

b/b Screw and Spline Operation 

Dept. 7M, Saginaw, Michigan 

Please send new engineering data book on Saginaw b/b Screws and 
Splines to: 


NAME 





COMPANY 





ADDRESS 


CITY 





You can see the difference 


... not with the naked eye, we'll admit... nor even with bifocals, 
but put a polished and etched sample of our new FLEXOGRAIN 
phosphor bronze under the revealing eye of the microscope and 
compare it with phosphor bronze strip generally available. 
The scientifically controlled, fine grain structure of FLEXOGRAIN 
is great for severe bending and other complex forming operations... 
improves fatigue resistance, surface finish and ductility 
. and cuts costly fabrication rejects to a minimum. 
At Riverside-Alloy we have always been keenly aware of the 
importance of grain size control in determining functional and 
fabrication properties of our alloys. We have been supplying 
fine grain phosphor bronze strip for special applications for 
over 20 years. Now, with our recently expanded, modern facilities, 
we can supply production quantities to meet your needs. 
For detailed information write to Riverside-Alloy Metal Division, 
H. K. Porter Company, Inc., Riverside, N. J. 


Send today for 
Technical Bulletin T-4. 


ALLOY METAL WIRE 
Prospect Park. Pa. 


RIVERSIDE METAL 
Riverside, N.J. 


PRENTISS WIRE MILLS 
Holyoke, Mass. 


RIVERSIDE-ALLOY METAL DIVISION 
H. K. PORTER COMPANY, INC. 


ual of Consulting and Design Engineer- 
ing Practices.” Some of the subjects 
discussed include: Outline of Engineer- 
ing Services; Definitions in Outline of 
Services; Agreement and Scope of 
Services; Bases for Engineering Fees; 
Sample Agreement Forms; and—among 
others—Canons of Ethics for Engineers. 
Cost of the booklet is 50¢ per copy to 
nonmembers of the Society, with a re- 
duction in rates for larger quantities. 
Mailing address of the Society is P. O. 
Box 573. Kalamazoo, Mich. 


Thermal Considerations in 
Power Transistor Applications 


(Continued from page 163) 


Although some error still exists, 
the results are in line with what is 
expected, since the value of R; is 
fairly constant. 

In all of the measurements made as 
indicated in Tables I an II, the out- 
side case temperature measurements 
were taken under the mounting 
screws. The results indicate that this 
method of outside measurement is 
satisfactory in determining opera- 
tional junction temperature. For most 
applications, one measurement under 
the mounting screw and the manufac- 
turer’s value of R; is adequate to de- 
termine the junction 
from the following: 

T; =T.+R,Pi (3) 


temperature 


where 
T; = junction temperature in deg C 


T, = mounting base temperature under 
the mounting screw in deg C 

R, = thermal resistance of the transistor 
in deg C/watt 


P, = total power being dissipated in 
watts. 

Transient Thermal Response 
of Power Transistors. It is neces- 
sary in switching and pulse applica- 
tions to consider the transient thermal 
response of power transistors. Of con- 
siderable importance is the effect of 
peak power pulses on power transis- 
tors operating in d-c to d-c converters. 
In this type of operation, the value of 
junction temperature can no longer 
be calculated by utilizing thermal 
resistance, case temperature, and peak 
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Keller “‘Wire-Wrap” tools play an important part in assembly of these 
well-known products: TV 


sets, computers, electric motors, radios, 


Why solderless connections with 


Keller (ize-(iiap © Tools are fast ... reliable 


Keller ‘““Wire-Wrap”’ tool is fast operating— 
only seconds per connection. It automatically 
wraps wire around terminals to make solder- 
less, permanent connections. No additional 
operations required. Tool weighs just one 


pound .. . no operator fatigue to slow down 
production schedules. 

There are no faulty connections requiring 
expensive hand repair work. To date, well 


over 700 million connections have been made 
with “‘Wire-Wrap”’ tools without a reject. The 
exclusive controlled-tension compresses wire 
into terminal to assure permanent metal-to- 
metal contact. Either air or electric models. 

Possibly you can step up production with 
““Wire-Wrap” tools while reducing assembly 
costs. Consult with your Gardner-Denver 
Industrial Specialist. 


2.7 to 3 seconds to make a connection 


Empty ‘“‘Wire-Wrap” 


Insert wire 
tool spindle 


Anchor wire 
in top opening 


Anc Insert terminal 
in side notch 


Apply power to wrap wire 
in bottom opening 


Finished connection 
around terminal 


is permanent 


ENGINEERING FORESIGHT—PROVED ON THE JOB 
IN GENERAL INDUSTRY, CONSTRUCTION, PETROLEUM AND MINING 


GARDNER - DENVER 


Gardner-Denver Company, Quincy, Illinois 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





Here’s the fastest way to 
produce finished wire leads! 


Allen-Bradley Co., producers of motor controls, use 
several Artos CS-6 automatic wire cutting and 
stripping machines in their Milwaukee plant. 


3000 STRIPPED WIRE LEADS in one hour 
...each precision-cut with both ends per- 
fectly stripped. That’s the speedy pace set 
by the Artos CS-6 in producing wire leads 
up to 15 inches in length! Production 
rates vary in proportion to the length cut. 


Highly accurate machine operation reduces 
work spoilage to an absolute minimum. Errors 
due to the human element are eliminated. There 
is no cutting of strands or nicking of solid wire. 


PROVED PERFORMANCE 
Time-consaming hand stripping jobs which 
once were a bottleneck in many plants are gone 
forever. As a result, Artos automatic wire 
strippers are paying their way in the mass pro- 
duction of television and radio sets, electrical 


appliances, motor controls and instruments of 
all kinds. 


Plan now to cut wire stripping costs in 


your plant... with the high speed, automatic 
Artos CS-6. 


CS-6 CAPACITY 


Finished Wire Leads Per Hour: 
lengths to 15’’, 3000; 64’’-97"’ lengths, 500. 


7 


Stripping Length: 112’’ max. both ends. 


Cutting Length: max., 97’’; min., 2’; special, #"’. 


BULLETIN 


2-Conductor Twisted Wire 
Single Conductor Solid Wire 
——— 
2-Conductor Parallel 
Stranded Wire 
a 
300 Ohm Television Wire 
a 
SJ Cord 


I 
Heater Cord 
Braided Cord With 
Rubber Jacket 


CS-6 can save you money, manpower and time. 


WRITE FOR . Descriptive technical sheet tells how the Artos 


Automatic Wire Cutting and Stripping 


NOCINEERING CO. 


Milwaukee 46, Wisconsin 


2741 South 28th Street e 


power quantities encountered. In es- 
sence the junction must be considered 
as having a thermal time constant, a 
quantity measurable by an electronic 
method. The method of thermal re- 
sistance measurement given in Refer- 
ence ] is also applicable to the meas- 
urement of thermal time constants. 

It is possible to calculate the peak 
value of junction temperature by the 
following equation (2): 


T; (peak) = T, + Pt (max) R, A (A) 
where 
— t.,/T 


—_ 1 — oe . 
— to,/DTI 


l — oe 


= on time 


lon 
D = duty cycle 
T 


= thermal time constant of the junc- 
tion 


The above equations assume that 
the junction temperature increases 
and decays exponentially. 

Thermal Stability. As the operat- 
ing temperature of the transistor is 
increased, the saturation component 
of J... increases, causing an overall in- 
crease in the collector current /,. If 
the transistor is in thermal equili- 
brium at some junction temperature 
T;; and its operating collector volt- 
age is V, and collector current [,, a 
random increase in temperature dT; 
will cause an increase in dissipation, 
dP =Vdl. 

In order that stability of the ther- 
mal system be maintained, 

dP. | (5) 
dT; Ri. 
where 


R, = total thermal resistance 


Cited References 


1. “Measurement of Thermal Resistance 
Power Transistors,” R. Reich, Electronic 
Design, December 1, 1956. 

2.“H 5. H 6, H 7 Power Transistor 
Specification,” Transistor Division, Min- 
neapolis-Honeywell Regulator Co. Min- 
neapolis, Minn. 


Postcard return cards are provided 
on preceding back cover as a con- 
venience to the reader in obtaining 


further information on— 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
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IN TRANSPORTATION ' 
EQUIPMENT, TOO 
















STANDS OUT 


The quality standards and 

specifications of the transportation 

equipment manufacturers are known to be 
among the most exacting in American industry. 


eMac lab collate Meteo) ie oll 
automotive bus, truck and trailer chassies; 
railway cars, trucks, underframes and the 
exciting new air spring suspension (foreground) 
depend on Sharon Steel for high strength, 

low alloy strip and plate used in their products. 


Other types of steel selected by the industry 
for their high quality are Sharon’s line of 
stainless, coated and alloy strip and plate. 


For 56 Years 
a Quality Name 
in Steel 


SHARON STEEL CORPORATION, SHARON, PENNA. 


CHICAGO, CINCINNATI, CLEVELAND, DAYTON, DETROIT, GRAND RAPIDS, INDIANAPOLIS, LOS ANGELES, MILWAUKEE, NEW YORK, PHILADELPHIA, ROCHESTER, SAN FRANCISCO, SHARON, MONTREAL, TORONTO 











ee eee ae 


SPRING | 
‘PURCHASING! 
I i 


1 made easier... | 


ee 


The Spring Division of Afey ite 


os . | 
Chatillon & Sons is set up 'to 


Nr <e Ae ets job ores 


Coordination between the 
Chatillon Sales Department 
and their Spring Engineers 
nhl coop MSL) Ce for Ae) mee toe 
OM MC elit mac i ico atle 


with a minimum of delay. 


For unexcelled spring service, 
send your blueprints to John 
Chatillon & Sons for study and 
‘Wee 


Eaath acme tt types of springs, 


recommendation. manu- 


utilizing all spring metals and 


alloys, at competitive prices. 


Write to Department P-4 


85 CLIFF STREET, NEW YORK, N. Y. 


Manufacturers of Precision Springs and 
Force Measuring Instruments Since 1835. 
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Men in Industry 





Wesley Timmcke has been named 
manager of engineering of the Indus- 
trial Division of the Warner Electric 


Brake & Clutch Co., Beloit, Wis. A 





WESLEY TIMMCKE 


member of the Warner staff since 1953, 
limmcke had been regional sales man- 
ager for the firm in Atlanta; and had 
also been employed as an engineer with 
the Fairbanks-Morse Co. 


Dr. Royal Weller, chief scientist. 
Naval Air Missile Test Center, Point 
Mugu, Calif. joins Stromberg-Carlson, 
a division of General Dynamics Corp., 
as vice president in charge of engineer- 
ing on May 1. In this position Dr. 
Weller will advise the president and 
other officers of the company in all tech- 
nical matters and will operate in a 
general staff capacity as coordinator 
and consultant to all Stromberg-Carlson 
engineering groups, including research 
and the engineering staffs of the tele- 
communication, electronics and special 
products divisions. 


Promotion of Charles Prawdzik to 
chief engineer, Device Development 


Section has been announced by Gen- 
eral Transistor Corp., New York. Mr. 
Prawdzik received his BS degree in 
physics from the University of Pennsyl- 
vania and studied as a graduate stu- 
dent in solid state and nuclear physics. 
Previous positions included those of 
chief engineer, Tung-Sol Electric Co. 
and senior physicist in charge of seleni- 
um rectifier, Federal Telecommunica- 
tions Lab., division of IT&T. 


F. P. Caruthers has joined Specialties, 
Inc. as project engineer at the com- 
pany’s Syosset, Long Island, New York 
plant. Formerly employed by Thomson 
Equipment Corp., Mr. Caruthers will 


participate at Specialties, Inc. in the 
firm’s program of designing and pro- 
ducing aircraft instruments and con- 
trols, as well as electrical and mechani- 
cal components and servomechanisms. 


With more than 22 years of engineer- 
ing experience in the industrial instru- 
ments and equipment field, Wendell H. 
Neeley has been appointed a project 
engineer for Panellit Division of Panel- 
lit, Inc. Mr. Neeley will operate out of 
Panellit’s West Coast manufacturing 
plant in Alhambra, Calif. The Division 
is engaged in the design and manufac- 
ture of instrument panel boards and 
complete information systems for in- 
dustry. 


Four key engineering assignments 
have been announced by the Helipot 
Division of Beckman Instruments, Inc. 
Albert Diamond, designer of rotary servo 
components, has been named chief en- 
gineer of the new rotating equipment 
department; Stanley Schneider has been 
designated chief research engineer, and 
Frederick Marsh will be Helipot’s new 
chief customer engineer. James F. Gor- 
don, chief development engineer, will 
assume control of all design work and 
advanced engineering pilot plant opera- 
tion on the company’s new line of prod- 
ucts. The new _ products _ include 
complete servo systems and servo com- 
ponents for aircraft controls, electronic 
computers and data transmission sys- 
tems, expanded-scale meters and volt- 
age regulators. 


New member at the engineering staff 
at Yardley Laboratories, 40-48 Leonard 
St.. New York 13, research and devel- 
opment branch at Yardley Electric 
Corp. is Guy Work, previously associ- 
ated with the Naval Research Labora- 
tories, Washington, D. C. for the past 
twelve years, where he conducted re- 
search and development work in the 
field of alkaline batteries. Mr. Work is 
a specialist on electrical energy storage 
as well as battery instrumentation. 


As chief engineer of its newly opened 
Alhambra, Calif., manufacturing facil- 
ity, Panellit, Inc., has 6. A, 
Walley, formerly senior project engineer 


chosen 
for the company on a recent project. 
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Tiny new trimmer capacitors mean better i-f transformers 


Without R/C’s new sub-sub-miniature air dielectric 
trimmer capacitors, this i-f transformer just 
wouldn’t provide the desired combination of small 
size and top performance. The reason is their di- 
mensions behind the mounting surface of just 75,4” 
x 4,” x 1745”. As far as we know, they’re the small- 
est air dielectric trimmer capacitors ever made in 
the U. S. Yet performance has not been sacrificed 
to miniaturization. 

Tiny trimmers are finding wide application not 
just in i-f transformers, but in every type of elec- 
tronic equipment—printed wiring board or conven- 
tional chassis—where space is a problem. They’re 
equipped with plug-in tabs for solder mounting as 
well as holes for screw mounting. A low loss ceramic 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


RBAGCIOC COR ODO END ER: CO 


Davis & Copewood Streets ¢ Camden 3, New Jersey 
EXPORT: Radio Condenser Co., International Div., 15 Moore St., N.Y. 4, N.Y. 


body and soldered and silver plated brass plates 
assure a rugged unit, able to take extreme shock, 
vibration, and temperature change. Insulation re- 
sistance; “Q”, and thermal stability characteristics 
are excellent. 

Three capacitance ranges are available, as tabu- 
lated below. Capacitance is easily varied by a screw- 
driver slot in the rotor shaft. 


Effective 
Type No. Max. Cap. wuF | Min. Cap. uaF Air Gap 


875001 
875002 
875003 


| No. Plates 


Write for complete Engineering Specifications and 


data in Bulletin TR-123, available free on request. 


CABLE: MINTHORNE 


CANADA: Radio Condenser Co. Lid. 6 Bermondsey Road, Toronto, Ontario 
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Company 
Briefs 


Bussey Research Laboratories, Inc., 
Rockford. Ul, has expanded its facil- 
ities for carrying on development work 
in the electrical and electronic fields. 
Extensive research work is being car- 
ried on in the field of applied mag- 
netics, including sound recording and 
reproduction without moving parts, 
also pictorial recording. The firm has 
also developed static devices for circuit 
selection and commutation by magnetic 
methods. A magnetic frequency multi- 
plier for power application is another 
prototype product. 


Universal Match Corp., St. Louis, has 
acquired Dynamics Research Associates, 
a Seattle engineering group that will 
be operated as a division of the corpora- 
tion. Dynamics Research Associates’ 
operations and offices will be centered 
in Ferguson, Mo. where Universal main- 
tains its headquarters, but a branch will 
be continued in Seattle. The newly ac- 
quired subsidiary now produces a line 
of magnetic amplifiers for both airborne 
and industrial control applications and 
is engaged in engineering research, de- 
velopment and manufacturing. 


A special Electrical Products Sales Div. 
has been established by the Permacel 
Tape Corp., New Brunswick, N. J., to 
handle the increasing sales of Perma- 
cel’s electrical product lines. 


Approval of its printed-circuit proces- 
ses by Underwriters Laboratory has 
been received by the Cleveland Metal 
Specialties Co., Cleveland, Ohio. Granted 
approval was the company’s precision 
process of electroplated 60/40 solder 
and toolmakers’ precision registration 
for two-sided circuit boards. 


A newly created electronics depart- 
ment of Hamilton Standard, Division of 
United Aircraft Inc., is now in operation 
at the Broad Brook, Conn. plant of the 
company, following the completion of 
the transfer of personnel, material and 
supporting operations. 


Opening of a New York City area 
office has been announced by Ohmite 
Manufacturing Co., Skokie, Ill., large 
manufacturer of resistors, rheostats, 
and other electronic and electrical com- 
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Sol 
frre, 


You can get the custom designs you want 
from a basic Skinner Solenoid Valve 


In the small-size solenoid valve field, Skinner offers a 
wider variety of variations and optional features than any 
other manufacturer. Take, for example, the standard V5 
model shown above in cutaway form. Its design is so 
flexible that the valve can be supplied for applications 
which would otherwise call for “specials.” So, if you 
have a solenoid valve problem, we urge you to talk to a 
Skinner representative. Tell him your requirements in 
regard to port sizes and locations, voltages, pressures, 


temperature conditions, flow adjustments and mountings. 
Let him show you how easily he can select the valve 
you need, 

When you specify Skinner, you get custom design plus 
outstanding service performance. Continuous testing in 
our labs and actual results in the field prove that Skinner 
valves have exceptional leakproof life. For complete infor- 
mation on Skinner's line of 2-, 3- and 4-way valves, write 
us or contact a Skinner representative. Write Dept. 385.- 


Skinner Solenoid Valves are distributed nationally 


See us at the Design Engineering Show, Booth 708. 
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Heyco Nylon 


STRAIN 
RELIEF 
BUSHINGS 


Insulate and anchor the 
power supply cord to 
your housing... 
no need for grommets, 


wire knots or costly 
labor. 


ABSORBS TWIST 


Send for samples to fit your wire, today! 


HEYMAN 


MANUFACTURING COMPANY 


KENILWORTH 1, NEW JERSEY 


HEY MAN! 


ponents. Address of the new office is: 
318 Bergen Blvd. (P. O. Box 148) 
Palisades Park, N. J. 


The Timken Roller Bearing Co., Can- 
ton, Ohio, is adding a building con- 
taining 10,000 sq ft on each of its two 
floors, to house its electronic, physical, 
photographic, railroad research and 
lubrication laboratories. Recently the 
company announced the construction of 
a $500,000 metallurgical research build- 
ing. 


Completion of plant expansion and 
installation of new equipment for pro- 
ducing Teflon insulated wire has been 
announced by the Philadelphia Insulated 
Wire Co., Philadelphia 6, Pa. The new 
Teflon constructions will be offered in 
hook-up wire as well as shielded and 
jacketed configurations in sizes ranging 
from 8 to 32 AWG. 


Newest addition to the Simpson Elec- 
tric Co. plants is nearing completion in 
Mercer, Wis. Production capacity of 
the new self-contained facility will be 
devoted primarily to meeting increased 
demands on the company’s warehouse 
stock of panel instruments. 


The Resinite Department of The Bor- 
den Co., Chemical Div., is doubling the 
size of its manufacturing plant in Santa 
Barbara, Calif., making it one of the 
country’s larger producers of vinyl 
plastics extrusions. Addition of 36,000 
sq ft of plant space will allow produc- 
tion to increase by about 65 per cent. 
This expansion is in addition to the re- 
cently announced new plant in Leo- 
minster, Mass. 


Synthane Corp., Oaks, Pa., a leading 
manufacturer and fabricator of lamina- 
ted thermosetting plastics has opened 
a new and expanded western head- 
quarters in Southern California at 1260 
South Central Ave., Glendale 4, Calif. 


Postcard return cards are provided 
on preceding back cover as a con- 
venience to the reader in obtaining 
further information on- 
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Advertised Products 


NEED 
ELECTRICAL 
BOXES... 


or other sheet metal 
components for 
your products ? 


No need to worry about sources of 
supply for important sheet metal 
parts, or suffer through the problems 
of maintaining your own production 
facilities, when you can rely on Cin- 
cinnati Ventilating as a dependable 
source for all fabricated items. We are 
equipped to make almost any sheet 
metal part to your specifications, in 
any quantity; we can stamp, shear, 
break, roll, weld, machine, assemble 
and finish all types of metal—alumi- 
num, brass, copper, monel, stainless 
and all other steels. We have the 
facilities and the personnel to produce 
consistently top quality work, at 
competitive prices. 


if you use sheet metal 
a) eee Ae 


the 
CINCINNATI 
VENTILATING 


Company 
308 Madison Ave. 
Covington, Ky. 


...SAY HEYMAN. 


i 
| 


MAY 1957 ELECTRICAL MANUFACTURING 
























elie... 


sentry with 
nerve-ends of 


“PHOSPHOR BRONZE.” 


Unnoticed by most . . . taken for granted 
by those who live by its warnings, the 
searchlight signal of cTc — Centralized 
Traffic Control — stands guard on railways 
stretching from coast to coast. In bustling 
terminals . . . at lonely prairie crossroads, 
Seymour “PHOSPHOR BRONZE” helps 
these unfailing sentinels flash the stop and 
go messages which control our rail-borne 
commerce. Contact springs, connectors 
and other parts of their electric nerve sys- 
tem are formed from this corrosion-resist- 
ant, even-tempered, long-lived and reliable 
metal. 

Seymour “PHOSPHOR BRONZE” — 
identified by its Elephant Brand — is a 
basic material in unnumbered applications 
where the strength, beauty and versatility 
of the finest bronze is a special require- 
ment. 

Want more information about cTc and 
Seymour “PHOSPHOR BRONZE”? Just 
write... 


® 


THE SEYMOUR 
MANUFACTURING 
COMPANY 


8 FRANKLIN STREET 
SEYMOUR, CONNECTICUT 


* Registered Trade Mark of the 
General Railway Signal Company 
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an important G-V specialty... 


Solving Thermal Relay Problems 


These Application Engineers study each proposed new use of thermal relays, 
select the relay best suited for the job, and test the relay under your conditions 
to tell you exactly what it will do. They can choose from more than 1,000 vari- 
ations of the G-V thermal relay line which are available as standard items, at no 
additional cost and on dependable delivery schedules. With these standard relays, 
they solve over 98% of all thermal relay problems submitted to us. 


The occasional user who needs a special design finds the separate G-V Research 
and Development Staff ready to apply their 
experience and ingenuity to the design of a 
new unit. 


Complete reliability in all G-V products is 
assured by certified qualification testing in the J 
G-V Environmental Test Laboratory under the . — 
most severe conditions found in field use. 


These are just some of the reasons why the € a 
country’s leading manufacturers of aircraft THERMAL 
and electronic equipment have used more than me +x 
a half million G-V Thermal Time Delay Relays Typ tee 
... Hot Wire Time Delay Relays... Voltage - 
and Current Sensing Relays... finding them & 
more reliable and more economical than any ile at 
other. COntacts NY 


Well-qualified G-V representatives, backed Seine 
up by Regional Field Engineers, are ready to * 
serve you anywhere in the U. S. or Canada. 

Complete catalog data on G-V Relays and 
Thermostats is available. 


RF-20 
"EATERS? 


Key spots open for engineers interested in going 
places with a young progressive organization. 


G-V CONTROLS INC 


8 Hollywood Plaza, East Orange, N. J. 


Design Engineering 
Conference 


(Continued from page 165) 


While the mechanicals are attend- 
ing the electrical sessions, it wouldn't 
be amiss for the electricals to look in 
on at least one of the Mechanical 
Sessions. At Session II, they would 
be able to catch up with the progress 
and developments in the art of gear 
design. The use of prime and derating 
factors will be discussed. Application 
of indexes—*K-factor,” “unit load,” 
and “Q-factor” —will be demon- 
strated for estimating gear sizes. Ex- 
amples of high speed gearing, light- 
weight gears, and close tolerance 
gears will be shown. Automation fac- 
tors will be considered. 

In the same session (II) an M.E. 
professor will describe ‘ 
ments in Design and Application of 


‘New Develop- 


Cams.” In designing cams for high 
speed mechanisms and industrial ma- 
chinery, acceleration limits, optimum 
cam contour, required profile accu- 
racy and manufacturing methods 
need be known. A dynamic design 
limit has been established as a guide 
in the development of new machines. 
Both theoretical and practical con- 
siderations for high speed cam fol- 
lower performance are summarized. 

In the second Mechanical Session 
(Session V) the design of parts for 
easier machining, handling and as- 
sembly will be weighed by a machine 
tool designer. Design of a part can 
affect the product cost through the 
handling, storing and assembling of 
the part. Locations of screws may 
make automatic simultaneous multiple 
assembly impossible. These are a few 
of the problems that should be con- 
sidered early in any design project 
and carry equal weight with the func- 
tion and styling of a product. 

Basic characteristics of various 
hopper feeds obtainable for installa- 
tion on automatic machines will be 
considered by a designer of such de- 
vices. Proper type of feed is deter- 
mined by rate of feed, general tool- 
ability, and area for installation. 
Advantages and disadvantages of each 
tape will be given. 

The two sessions on materials are 
planned to bring design engineers of 
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McQUAY-NORRIS FURNACE VALVES 


have sold me on their dependability. I installed 
my first McQuay-Norris valve nearly 10 years 
ago, and that job is still working perfectly today! 


another 


Time Tested 


solenoid application by 


ALSO MAKERS OF 


@ solenoid gas valves @ pressure switches 


for appliances 
PP @ contactors 


e electrical ignition 


systems @ vacuum switches 


@ liquid dispensing valves @ LPG solenoids 


Your inquiries are invited! 


McQUAY-NORRIS 
MANUFACTURING COMPANY 
2324 Marconi St. - St. Louis 10, Missouri 

47 YEARS IN THE MANUFACTURE OF PRECISION PRODUCTS 
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A Product of Vapor Heating Corp. 
Chicago 31, Illinois 


Thousands of Vapor-Clarkson Steam Generators are installed in 
Diesel locomotives to automatically produce high pressure steam 
used to heat the nation’s Diesel powered passenger trains. One 
of the important safety controls which Vapor Heating Corpora- 
tion developed for the steam generator is a reliable Stack Switch 
actuated by Chace Thermostatic Bimetal. This control is located 
in the exhaust stack of the steam generator and has two important 
functions: (1) to turn the steam generator OFF if the forced draft 
fire does not light up within 45 seconds from the time the switch 
is turned ON; and (2) to turn the steam generator OFF if the 
exhaust temperature becomes excessively high. 


Here’s how it works: the thermostatic bimetal helix (A) rotates 
a shaft attached to the indicator and cam (B). As the temperature 
of the exhaust in the stack increases, the bimetal flexes, turning 
the shaft to close switch contacts (C) at approximately 250° F., 
thus proving the presence of flame for combustion safety control. 


If the exhaust temperature rises to approximately 900° F., the 
switch contacts (D) open,shutting down the steam generator. After 
correction of the condition which caused the high stack tempera- 
ture and resetting this switch by resetting the button (E), the 
steam generator may be restarted. 


Remember Chace when you design for temperature actuation or indica- 
tion, or for protection of valuable equipment. Dependable Chace 
Thermostatic Bimetal is available in 28 types, in strip, coil or completely 
fabricated and assembled elements made to your specification. Write 
for new 44-page booklet, ‘Successful Applications of Chace Thermo- 
static Bimetal,"’ containing interesting uses of bimetal and many pages 
of engineering data. 


W. M. CHACE CO. 
Theunorstalic Bimetal 


1608 BEARD AVE., DETROIT 9, MICH. 





whatever category up to date on re- 
cent developments in metals, ceramics 
and refractories, plastics and rubbers, 
coatings and finishes. Major develop- 
ments in new metals and alloys in- 
clude those for high temperature use 
and where strength-weight ratio is the 
most important factor; new combina- 
tions of metals such as honeycomb- 
sandwich construction; and new 
processes for improving the proper- 
ties of metals and alloys, such as 
vacuum melting and casting. 

A resume of recent technical de- 
velopments in the field of ceramics 
will be presented, including: refrac- 
tories and refractory coatings; cer- 
mets; enamels; glass; dielectrics; 
mechanical ceramics, along with dis- 
cussion of engineering and service 
properties, as well as principal and po- 
tential areas of application. 

Plastic materials are replacing 
older materials of construction in 
many fields. Vinyls, styrenes, poly- 
styrenes, and phenolics being used in 
a wide variety of products. New ap- 
plications for the older plastics and 
new resins are being developed al- 
most daily. 


Coating Materials 


Three general classes of coating 
and finishing materials are to be dis- 
cussed: Organic coatings; metallic 
coatings; conversion coatings. New 
organic coatings include the epoxy, 
hypalon and _ polyurethane types. 
Metallic coatings include high vacu- 
um metallizing and electrically con- 
ductive coatings. Conversion coatings 
such as oxides of aluminum, phos- 
phates and chromates are but a few 
of the types to be presented in this 
up-dating review. 

Lead-off session on the first day 
(May 20) will be an engineering 
management approach to the broad 
problem of what procedures to follow 
in developing new designs. This ques- 
tion-and-answer panel session is in- 
tended to stimulate thinking about 
strategy or approach to design prob- 
lems rather than specific solutions. 
Here is another opportunity for the 
specialist to obtain a broader look at 
his job as a designer. O00 


Postcard return cards are provided pre- 
ceding back cover as a convenience to 
the reader in obtaining further infor- 
mation on 

New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 

Advertised Products 
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\ eee better molded parts because of 






























This composite picture represents 100 Richardson 
tool and die men with a combined experience 
of 12 centuries. 




















The Richardson mold and die shop 
at Melrose Park, Illinois, is one of the 
largest in the plastics industry. 










—_— 





Richardson engineers can assist your engineers in (1) 
redesigning parts for conversion from other materials 
to molded plastics, and (2) designing to improve molded 
parts now in production. 





For additional information and a copy of the newly 
published catalog, ‘'Richardson Molded Plastics,’' write 
or phone, today ... Chicago number, MAnsfield 6-8900. 
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1200 years of 
tool and die 
experience 


At least 50% of getting a good molded part depends on the 
quality of your mold. 


The composite photo shown to the left represents the broad 
and varied experience needed for the design and production 
of quality molds to close tolerances . . . it represents 100 
Richardson men with more than 1200 years combined ex- 
perience in the design and production of tools and dies for 
the production of molded plastic parts. 

The men who make Richardson molds know and respect 
the many “ifs” encountered in the design and production 
of quality molds. They know that... 


.-+ if your mold isn’t correctly designed, the resulting parts 
will not be according to specifications. 


--+ if your mold is not properly designed, the parts cannot 
be ejected quickly, production speed will be reduced, 
and unit cost increased. 


. if your mold walls are not of uniform thickness, curing 
time is increased. 


. if your mold is not properly designed, resulting excessive 
flash must be removed by hand... a costly procedure. 


The RICHARDSON COMPANY 


MOLDED AND LAMINATED PLASTICS 
... better plastics for better parts 






Dept. 17, 2799 Lake St., Melrose Park, Illinois 


EEE 


ds 
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Kester FLux-Core Soper is the time-proved solution 
to every soldering requirement. The exact tin-lead 
alloy, tailored-to-the-job flux content, quality ingre- 
dients and manufacture .. . all these add up to a “letter 
perfect” product ... in the letters “Kester SoLpeEr.” 


WRITE TODAY for the KESTER 78 
page textbook “Solder . . . 


—— 
- Z 
Its Fundamentals and >: 
Usage.” Free! | ~ j 
\ : ; 


¥ 


KESTER SOLDER 


4209 Wrightwood Avenue e Chicago 3839, Illinois 


Newark 5, New Jersey e Brantford, Canada 


Fluorinated 
Liquid Dielectric 


(Continued from page 148) 


itor. This is above the requirements 
for all characteristics of MIL-C-25A 
at this temperature. At 85 C the insu- 
lation resistance of each capacitor 
was between 56 and 60 megohms and 
consequently the “megohms times 
microfarads” values were approxi- 
mately 180. This is also higher than 
that required for all characteristics of 
the specification for this high test 
temperature. 

Each capacitor was subjected to 
dielectric strength tests using 1200 
volts d-c applied between the ter- 
minals for 1 min and 2400 volts ap- 
plied between each terminal and the 
case for 1 min. All were able to with- 
stand these potentials without perma- 
nent damage or short circuiting. 

The six capacitors when fully 
charged had energy contents of 0.54 
watt-seconds as calculated from the 
formula 

W > 
where W is the energy in watt-sec- 
onds, C is the capacitance in farads, 
and E is the d-c voltage rating at 
40 C. For purposes of life-testing, 
these capacitors are classed as Group 
II units. During the life tests, the 
capacitors were subjected to 780 volts 
d-c (130 per cent of rated voltage) 
for 250 hr at 85 + 3 C. According 
to data published by capacitor manu- 
facturers, units which pass the test 
under these conditions should have a 
life expectancy of at least 8800 hr 
when operated at 360 volts d-c at 
85 C. 

All six capacitors successfully with- 
stood the conditions of the life test 
without any indication of failure due 
to electrical breakdown of the insula- 
tion or of the dielectric liquid. After 
the completion of the test the capaci- 
tors were discharged and capacitance 
and insulation values were again ob- 
tained at 25 C and 85 C. The capaci- 
tance requirement permits a drop of 
not more than 30 per cent of the 
initial value. The obtained results in- 
dicate a change of 1.6 to 5.6 per cent 


MAY 1957 ELECTRICAL MANUFACTURING 





USSU 


No pick-off gears or gear changes are necessary with the VS-100. 
Infinitely variable 100 to 1 speed range offers high speeds for rapid 
traverse as well as the slowest feed rates. 


Feeds may be precisely selected and rapidly changed, even during a 
cut. The push button operator’s station provides easy, instantaneous 
feed control. This remote station contains controls for start, stop, jog, 
reverse, and speed changing . . . ideal in pendent station mounting for 
maximum operator’s conven- 
ience. Additional functions, 
such as automatic dwell and 
automatic feed programming 
are available for the opera- 
tor’s station. 


The VS-100 operates from 
220 or 440 volt, single phase, 
a-c. circuits. Seven sizes are 
available ranging from % thru 
4 horsepower. For complete 
details write for bulletin 
D-2501. D-1540 


RELIANCE {3 ELECTRIC 


AND ENGINEERING COMPANY 


DEPT. 275 A,CLEVELAND 17, OHIO + CANADIAN DIVISION: WELLAND, ONTARIO 
Sales Offices and Distributors in Principal Cities 
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No wetting... 


Comes ban ber ae 


Just a press of the finger and 


it’s labeled with 
Dennison PRES-a-ply* 


Look at the other unique advantages 
that PRES-a-ply labels offer: 


¥ Clean, easy and labor-saving. 
Vv Adhere to surfaces usually difficult to label — smooth non-porous 
surfaces like enamels and plastics. 
Vv Broad choice of stocks including litho-coated, high gloss, foils, 
casein coated metallics, tag, acetate, latex impregnated. 
Vv Available in a wide range of shapes, sizes, colors — Dennison- 
designed to fill your requirements. 
¥ Available with permanent or removable adhesive. 
¥ Long shelf life. 
Dennison offers four convenient PRES-a- 
ply Dispensers — manual or electric. They 


are easy to load and operate. They speed 
labeling, insure against label spoilage. 


For more information write 


Dennison 
DEPT. 55, FRAMINGHAM, MASS, 


*Registered trademark for Dennison self-adhering labels and seals 


in capacitance and no drop in the 
“megohms times microfarads” values. 
Fixed paper capacitors using PFE- 
774 as an impregnant have been 
found to possess capacitance-to-vol- 
ume ratios higher than similar capaci- 
tors impregnated with pentachloro- 
diphenyl. Furthermore, the change in 
capacitance which such condensers 
undergo with changes in temperature 
is less than 4 per cent within the 
range —55 C to 85C. Such capacitors 
have passed the military specification 
MIL-C-25A for accelerated aging by 
withstanding 85 C and 130 per cent 
overvoltage for 250 hr without ap- 
preciable change in capacitance and 
without drop in insulation resistance. 
Because the impregnant is less flam- 
mable than petroleum oils, is thermal- 
ly stable, of low viscosity, non-irritat- 
ing to the skin and does not cause 
rubber and plastics to swell or be- 
come tacky, PFE-774 is considered 
worthy of military application and 
commercial production as a capacitor 
impregnant. Additional tests in ac- 
cordance with the specification at 
125 C are indicated. OO 
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How it works: Open c/amp B; ener- 
gize coil to constrict magnetostrictive 
nickel rod; close clamp B; open clamp 
A; deenergize coil to allow nicke/ rod 
to expand and take new position to 
the left; close clamp A. Repeat cycle 
until unit has moved desired distance. 


Novel Inchworm Motor positions 
work to 0.000,005-inch accuracy 


New heavy-duty micro-feed relies on Magnetostrictive nickel 


Place nickel in a magnetic field and 
it shrinks. 

Remove it, and it snaps back to 
size. 

Magnetostriction is the reason. 
And nickel exhibits large magneto- 
strictive length change . .. added to 
its rugged mechanical properties 
and moderate cost. Result: a relia- 
ble, versatile engineering material. 

Take, for example, the novel 
“Inchworm” motor manufactured by 
Airborne Instruments Laboratory, 
Inc., Mineola, N. Y. An extremely 
accurate feed mechanism for center- 


less grinders, this device uses a co- 
ordinated pair of clamps to convert 
the magnetostrictive expansion and 
contraction of a nickel rod into line- 
ar incremental motion. Powerful mo- 
tion, too ... the “Inchworm” will 
move a 350-pound load in steps 
variable up to 0.000,060-inch. 

You can see the mechanics of The 
Inchworm in the illustration above. 
Electronic controls include standard 
timing and power circuits to ener- 
gize the coil and operate the clamps 
for forward and backward steps. An 
optional gauge and feedback circuit 


A, — 
Inco. NICKEL... for magnetostriction 


TEADE MARK 


READER INQUIRY SERVICE CARDS, PRECEDING 


BACK COVER 


allow full automatic control. 

Magnetostrictive transducers 
made of nickel have many industrial 
uses today ... as sonar, vibratory 
drills, ultrasonic cleaners, homogen- 
izers, soldering devices. 

Maybe you would like to explore 
this growing design field. For recom- 
menaed materials, get in touch with 
us. Write for our booklets, Magneto- 
striction, or Design of Nickel Mag- 
netostrictive Transducers. They’re 
yours for the asking. 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street New York 5, N. Y. 





Simple for Die Casting — 


Complex and 


expensive 


by any other method 


How else could you maintain close 
tolerances, keep costs in line with 
mass production processes and still 
keep the design flexibility the job 
calls for? 

Only die casting can do it! 

The manufacturer who needed this 
part knew, from American Die Cast- 
ing Institute Product Standards,* 
that his requirements were within 
the capabilities of the process. Then 
he asked for application facts from 
Twin City engineers. By asking he 
saved money. 


When you plan parts that call for 
precision, accuracy, flexible shapes 

. . contact Twin City Die Casting. 
Twin City engineers can help you 
design for die casting to eliminate 
machining and finishing costs. They 
can take your part to any finishing 
stage you may desire thanks to Twin 
City’s complete facilities. 

For die castings, contact Twin 
City you can probably save 
money. Many customers have. 


*Product Standards available from 
Twin City Die Castings upon request. 


«only DIE CASTING can 
M cut your costs 
M offer such flexibility 
M provide such accuracy 


LEADING DIE CASTERS IN THE UPPER MIDWEST 
TWIN CITY DIE CASTINGS CO. 


3351 Talmadge Avenue S. E. ° 


Minneapolis 14, Minnesota 


Telephone Midway 6-7528 


Considerations in 


Testing Thermistors 


(Continued from page 106) 


from slope, a look at the mathe- 
matical expressions may help: 


AR (5 
Slope = AT IT ) 


in 7” ( 
Temperature coeflicie (6) 
For the purpose of simplifying 8 
measurements, a method of employ- 
ing ratio of thermistor resistance 
can be adopted. If formula (1) is re- 
written to solve for 8 we arrive at: 
foe « Bel 
08 € RIT; 


ass a 


8 ) 
| See 


Now if two test temperatures on each 
side of 25 C are selected to give a 
reasonable value for computation, 
usually 0 and 50 C, then the denomi- 
nator in (7) becomes a constant. 
Hence £8 now is a sole function of the 
ratio of the thermistor’s resistance at 
0 and 50 C. This value is a practical 
one only and should be thoroughly 
understood. 

All the preceding terms are deter- 
mined by resistance measurements 
only and the precautions and infor- 
mation under this group of tests 
should be learned well before pro- 
ceeding with any subsequent testing. 

It is hoped that the procedures out- 
lined in this article will supply ade- 
quate information for testing all basic 
thermistor functions. The section per- 
taining to resistance measurements is 
particularly important since a great 
number of more complex tests are 
derived from this type of measure- 


ment. o-oo © 


Postcard return cards are provided 
preceding back cover as a con- 
venience to the reader in obtaining 
further information on— 
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Literature for the Design Engineer 
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Make your own comparison of the 


[Ute cz TIMING: BELT DRIVE 


versus other forms of Power Transmission 





GILMER 
“TIMING” —- FLAT BELTS 
BELT DRIVE 
1. Can it transmit 1/100 to 300 HP without slip- 
page...and without lubrication? 


2. Does it eliminate noise and vibration caused 
by metal-to-metal contact? 


3. Does it operate at maximum efficiency, in- 
definitely, without take-up? 


Does it make possible very compact, short- 
center drives of ratios up to 15-to-1? 


Does it eliminate need for initial tension, per- 
mitting all the drive's tension to be used effec- 
tively... and reducing bearing wear? 


Con it operate satisfactorily at peripheral 
speeds above 12,000 FPM? 


Does it maintain constant angular velocity? 


ls its weight very low in proportion to its 
strength? 

Does it make possible precise “timing”, with- 
out appreciable backlash, between two or 
more widely separated shafts? 


Does it eliminate the expense ond added 
weight of lubricants, lubricating devices and 
covers? 


Does it save so much power as to sometimes 
permit use of lower-powered motors? 


Does it have unusually long, maintenance-free 
service life? 


WHEN PLANNING A DRIVE, CONSIDER ALL FIVE! 


_—_—_—— 


ESS F EHP PFEF 


NEOPRENE-ENCASED, CABLED STEEL WIRE GIVES 
THE BELT GREAT STRENGTH WITHOUT BULK ~ 2 


Naturally, these questions are phrased to emphasize the unique 


- 2 A combinations of features provided by the ‘Timing’ Belt drive. 
7 rT ’ Question 1, for example, might have been divided into two separate 
Zh hdl POF: questions. But this would not point up the important fact that the 
Tr nse “Timing” Belt drive is the only positive drive requiring no lubrication. 
seer uite ae the four older types of drives will always have their 
special places in the power transmission picture. The important fact 
is that the plant engineer, like the design engineer, now has at his 
disposal a fifth type of drive ideally suited to so many applications 
that more than a million are now in use. Write, or ask your NYB&P 
Distributor for your copy 


of the Gilmer “Timing” Belt Stock 
Drives Manual. You will find him listed i 


n the yellow pages of 
your phone book. 


Certainly, 


America’s Oldest Manufacturer of Industrial Rubber Products 
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Neer aC) 


interchangeable with 
many other makes 


Stromberg-Carlson’s new type “E” 
relay combines the time-proven 
characteristics of the type “A” relay 
with a mounting arrangement com- 
mon to many other makes. 

As the sketch above shows, our 
new frame mounting holes and coil 
terminal spacing allow you to spec- 
ify these relays—of “telephone qual- 
ity”—interchangeably with brands 
you have been using. Costs are com- 
petitive and expanded production 
means prompt delivery. 

Welcome engineering features of 
the new “E” relay are— 


* Contact spring assembly: maximum of 20 
Form A, 18 B, 10 C per relay. 


* Coil: single or double wound, with taper tab 
or solder type terminals at back of relay. 


* Operating voltage: 200 volts DC maximum. 


You may order individual can cov- 
ers in a choice of 3 sizes for the new 
relay, as well as for our type “A” 
and “C” relays. 


For complete details and specifi- 
cations on the “E” relay and other 
Stromberg-Carlson relays, send for 
your free copy of Catalog T-5000R. 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
TELECOMMUNICATION INDUSTRIAL SALES 
117 CARLSON ROAD, ROCHESTER 3, N. Y. 
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Abstract and Comment 


Reliance Opens Automated Plant 
for Motors in Rerated NEMA Frames 


WITH THE OPENING OF its new plant 
No. 3 at Ashtabula, Ohio, for the pro- 
duction of a-c motors in NEMA frame 
sizes from 180 to 254, Reliance Electric 
and Engineering Company, Cleveland, 
has incorporated new equipment and 
techiniques to reduce production costs 
approximately 25 per cent. The plant 
was designed from scratch to handle a 
limited number of frame sizes in large 
quantity. Flexibility in product varia- 
tions is obtained by scheduling of motor 
parts to assembly from finished stock 
bins holdings stators, rotors, shafts, 
bearings, end frames and main hous- 
ings. As a result of new equipment, and 
dispatching systems, the manufacturing 
cycle for a single motor has been re- 
duced from 12 days down to about 4 
days. The equipment itself exemplifies 
the application of power and control to 
automated systems. 

Biggest single unit in the plant is a 
Sundstrand transfer-type machine that 
machines three basic frame diameters, 
each in two lengths. vertical or foot- 


mounted, and with protected-open, to- 
tally enclosed or explosion-proof en- 
closures. To accommodate what amounts 
to 36 different part numbers required 
extreme flexibility in machine design. 

The time required for set-up varies. 
Changing the same diameter frame from 
one length to another takes about an 
hour. Changeover from one enclosure 
to another or from vertical to foot- 
mounted also requires about one hour, 
while a complete change from one di- 
ameter to another consumes nine hours. 

Speedy changeovers are accom- 
plished by using special accessories. 
Colored spacers are used to position 
limit-switch dogs. Each station on the 
machine has a pendant control for in- 
dependent operation. Tooling is 
changed and tried, one section at a 
time. When all stations have been 
changed, one frame is sent through and 
inspected. The set-up man then goes 
back and makes final inspection and 
adjustments. By properly cascading 
frame types and sizes, as few as 40 


This 12-station transfer machine does the work of 15 machine tools and will turn 
out as many as 70 completely machined motor frames per hour at Reliance’s new 


Ashtabula plant. 
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How RIM CTeffon. Tape improves electronic 


component design 


Certain coils in a modern electronic 
computer required a special kind of 
insulator. Problem: to design an in- 
sulator of the high dielectric strength 
required—even in thin sections—and 
conforming to the contours of the 
small circular coils. 

R/M “Teflon” Tape provided the 
ideal solution to the problem. “Teflon” 
has unusually high dielectric strength. 
It is completely unaffected by the 
many adverse conditions to which 
electronic components are frequently 
subjected—corrosive elements (includ- 
ing ozone) in atmospheres, high tem- 
peratures, and the like. R/M “Teflon” 
Tape is relatively easy to apply— 
even on intricate shapes, such as the 
ferrite coil shown above. 


Here are some of the electrical 
properties of R/M “Teflon” products: 


1. Power factor — less than 0.0003 over 
entire spectrum from 60 cycles to 
30,000 megacycles. 

. Volume resistivity — greater than 1015 
ohm-cm, even after prolonged soak- 
ing in water. 

. Surface resistivity — 3.6 x 1012 ohms, 
even at 100% humidity. 

-Good arc-resistance — On exposure 
to an arc, the material vaporizes, 
leaving no carbonized path. 

- High short-time dielectric strength— 
values range from 1000 to 2000 
volts per mil, depending upon thick- 
ness. 

. Resists high temperatures — electrical 
properties are essentially unchanged 
up to at least 400°F. 


Raybestos-Manhattan has extensive 
experience in developing R/M “Tef- 


Has high dielectric strength - conforms to intricate shapes 


lon” products for use in the electrical 
and electronics industries. Let us fabri- 
cate R/M “Teflon” products to your 
specifications or supply the material in 
rods, sheets, tubes and tape. Write for 
your free copy of our bulletin “R/M 
Teflon Products.” 


RAYBESTOS-MANHATTAN, INC. 


PLASTIC PRODUCTS DIVISION, MANHEIM, PA. 


FACTORIES: Manheim, Pa.; Bridgeport, Conn.; No. Charleston, S.C.; Passaic, N.J.; Neenah, Wis.; Crawfordsville, Ind.; Peterborough, Ontario, Canada 


RAYBESTOS-MANHATTAN, INC., Engineered Plastics « Asbestos Textiles « Mechanical Packings « Industrial Rubber « Sintered Metal Products « Rubber Covered Equipment « Abrasive and 
Diamond Wheels « Brake Linings ¢ Brake Blocks « Clutch Facings « Laundry Pads and Covers e Industrial Adhesives « Bowling Balls 
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SAVE! wn 


THE RIGHT CONTROL 


i dd ed 
There is a right 
Furnas Electric con+ 
trol for every job. 
Cost and space ad- = 
vantage can be . 
yours by choosing SH Ae 
the control design- 
ed for the motor. 


Furnas Magnetic Starters are available 
through Size 4 in 10, instead of the usual 5, 
different sizes from 1 to 100 hp. This pro- 
vides “‘In-Between”’ sizes, not otherwise avail- 
able, at corresponding price and space ad- 
vantages. 


Drum Controllers—over 1000 models 
available from 1 to 10 hp. for whatever 
application you require. 


Oil Tight Push Buttons for every need. 
Standardization and _ interchangeability 
mean more combinations with fewer parts. 
Complete accessory line. 


Pressure Switches Limit Switches Foot Switches 


FOR MORE INFORMATION WRITE FOR BULLETIN 5411, 
1024 McKEE ST., BATAVIA, ILLINOIS 


/ Aa 

SRLS 
TELA 
~ v 


frames per lot can be economically 
handled on the transfer machine. Pro- 
duction will vary from 70 frames to 
42 frames per hour at 100 per cent 
efficiency, depending on the frame size. 

The machine has nine operating sta- 
tions, a load station, an unload station 
and a turnover station. It faces, bores, 
mills, drills, and taps the motor frames. 
A rough casting goes into the transfer 
machine and comes out the other end 
ready for use, except for a rabbeting 
operation which is performed manually. 

This one machine does the work of 
a milling machine, 11 vertical turret 
lathes, a multiple spindle drill and a 
five-spindle drill. The transfer machine 
itself cost 25 per cent less than the 
total price of this corresponding stand- 
ard equipment. 

Manpower savings are significant 
also. It requires only three men to 
completely machine frame castings. A 
full line of standard machine tools 
would require 15 operators as well 
as set-up men. 

Probably one of the most important 
features of the transfer machine is 
accuracy. Everything is machine-con- 
trolled. Part positioning, depth of cut, 
feed rates, etc., are all pre-set and 
automatically handled by the machine. 

There are 20 a-c motors on the ma- 
chine, and 13 additional a-c motors 
are used on the hydraulic actuating 
mechanism. The machine uses a sepa- 
rate work holder at each station. A 
hydraulically-operated shuttle transfers 
the castings from station to station. A 
V-S Drive is used for the feed drive 
on the milling machine section. 


Lamination Production Mechanized 


Production of stator and rotor lami- 
nations has also been machanized. Pre- 
viously, 3x10-ft electrical steel sheets 
had been used as a starting point for 
motor lamination production. It was 
necessary to slit these sheets to the 
proper size and then hand feed them 
to stamping presses. In the new plant 
coil feed is being used for lamination 
punching, using coils of 3 per cent 
silicon, 24 ga steel, slit to the proper 
width. 

Reliance has set up two different 
types of production for the making of 
both stator and rotor laminations. For 
those laminations used in relatively 
small quantities, blanking is done on 
a 93-ton punch press inclined at a 
45 degree angle for gravity ejection 
of the finished blanks. The press is 
strictly coil fed from the silicon steel 
coils, pre-slit to the required size. 

The blanks are taken from the punch 
press to one of two notching presses 
which have a roller gear indexing fix- 
ture, uses cemented carbide dies capable 
of delivering 750,000 to 4,000,000 
strikes between regrinds. 

After the blank, or “cookie”, is 
notched, it is returned to a large press 
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READER 


RECORDING METHOD USED IN SANBORN DIRECT 
WRITERS, AND A REVIEW OF THEORETICAL 
ACTUAL ERROR FACTORS 


AND 


Figure 1 shows the basic scheme by which Sanborn 
oscillographic recording galvanometers produce graphic 
records of electrical signal values. If the rapid deflection 
action of the heated ribbon tip stylus is visualized when 
current flows in the coil, it can be seen that a straight line 
at right angles to the chart length is recorded on the chart, 
at the point where the chart is drawn over a knife edge. 
The trace, therefore, is a true rectangular co-ordinate graph. 


Since this is essentially a process of expressing coil 

(or stylus) deflection angles in terms of distances on a chart, 
the trigonometry of the situation (Fig. 2) must be examined 
to ascertain the accuracy of the method. Initially, and 
when @ is small, the tangent and the angle are almost equal 
numerically. The expression D = R tan @ can, therefore, 
be rewritten D = R@ (approx.). To the extent this latter 
expression is true, deflection distances (rather than deflection 
angles) are an accurate 


FIG. 2 : measure of signal val- 
ues. But to determine 


een aati Oe the extent of error re- 
sulting from using this 
approximation, the fol- 
lowing data have been 
calculated*, using a 
chart width of 25 mm 
either side of zero (““D”’ 
in Fig. 2) and effective 
stylus length of 100 
mm (“R”’ in Fig. 2) in 
the series expansion 
for the tangent func- 


Theoretical Corrected Corrected 


D mms Radians Error « Error 6 


Error in mms 
10 10 .0033 0 0 

15 AS 0075 004 06 

20 ‘ .0133 010 


When the recording system is calibrated, that calibra- 
tion is often made on the basis of a one centimeter deflection 
from the chart center, or by means of a two centimeter de- 
flection starting one centimeter below chart center and 
finishing one centimeter above chart center. In either case 
the deflection at one centimeter from chart center is accepted 
as the standard, and, therefore, is without error. The fore- 
going table can therefore be corrected by subtracting .0033 
from each of the error terms to show the error, 5, to be 
expected in actual use. The final column in the table shows 
this error in mms. 


Since the active length of the stylus increases as @ 
increases, deflection D increases more rapidly than @. All 
positive error terms in the series expansion bear this out, but 
the error terms would occur as predicted only if the galva- 
nometer produced deflections exactly proportional to coil 
currents (that is, ideal spring properties in the torsion rods 
and uniformity of magnetic field). Pole tips in Sanborn 
galvanometers are proportioned so that in maximum deflec- 
tions, galvyanometer sensitivity decreases slightly, the com- 
pensation resulting in actual linearity better than that 
predicted in the table. 


* The mathematics involved here, as well as a discussion of fixed length stylii, design parameters affecting over-all 


galvanometer performance, etc., are contained in an article by Dr. 
eters”, published in the May 1956 Sanborn RIGHT ANGLE. Copies are 


4drthur Miller **‘Sanborn Recording Galvanom- 
available on request. 


RECOGNIZE A “150"" RECORD 
BY THESE THREE FEATURES... 


1% Linearity 


+ +» resulting from 
use of current feed- 
back Driver Ampli- 
fier in each channel, 
high torque galvo- 
nometers of new 
shorted coil frame 
design. Coil current 
of 10 ma develops 
200,000 dyne cm 
torque, sensitivity is 
10 ma/cm defiec- 
tion, 


Rectangular 
Coordinates 


+ «+ save analysis 
time, simplify inter- 
pretation and cor- 
relation of multi- 
channel records. No 
waveform curvature, 
negative time lines, 
etc, 


Permanent 
Inkless Traces 


+. «+ made by hot 
nichrome ribbon tip 
of stylus on heot- 
sensitive Sanborn 
Permapoper. Clear, 
smudge-proof 
traces that clearly 
reveal minute sig- 
nal changes. 


pamersyeeartes penne 


INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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help with your oscillographic re- 
cording application in the 0-100 


4 


—— cycle range. Descriptive liter- 


ature is also available on 
request, providing data on 
Sanborn 1-, 2-, 4-, 6- and 
8-channel Systems, 

3] choice of 12 inter- 
‘ee plug- 
in Preamplifiers, 


changeable 
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plementary Instru- 
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where the stator laminations are sepa- 
rated from the center rotor blank. The 
finished stator laminations are then 
stacked and welded together into cores 
automatically. The completed rotor 
laminations are stacked and taken to 
the die cast foundry where the cast 
rotors are poured, 

For the high production laminations 
requirements, a once-through, contin- 
$919 uous operation providing completely 
COMPLETE punched rotor and stator laminations 

WITH from the coil strip has been installed. 
CABINET It uses two 150-ton dieing machines 

E in series. The coil is fed from the 
unwind through a straightener into the 
first press where the rotor cookie is 
punched out. The continuous strip is 
then fed into the second press where 
the stator “donut” is punched. The 
scrap falls onto a vibrating conveyor 
servicing all the machines in the area. 

Since the machines are capable of 
producing up to 120 laminations per 
minute each, depending on slot de- 
sign and frame size, synchronization 
between the two units is extremely 
critical. The machines are powered 
by two Xatron-type V*S Drives, elec- 
trically coordinated to give the neces- 
sary synchronization. The press drive 
motors are mounted under the floor. 

In order to take care of differences 
in slot design and material toughness, 
the press drives must also be provided 
with a wide speed range. The power 
unit for the 93-ton press is a V*S 
drive. Variable speed for the notching 
presses is provided by Reeves motor 
pulleys mounted at the machine. O O O 


STR ee 


in use at Lockheed Missiles 


fae 


URING AND EVALUATING WIDE BAND FLUTTER 
ey xa 


Model FL-4A 
oo. ter 
manufacturers 
and users of 
high speed tape 
recorders, who 
are engaged in 
instrumentation, 
telemetering 
and data 
transmission 
: systems 
Features: Specifications: Lockheed Phote 
. epeenees Seater fre Conrtor frequency: 14.5kc from crystal oscillator Order Direct 
quencies dc to cps ndicators: +2% drift and rms flutter m ; 
@ Internal 24 iene Range: 0.2, ec 2.0% rms full scale _— or write us for 
name of nearest 


filters for analysis Flutter filters: 0.5 to 30 cps; 30 to 300 cps; 
® 3” oscilloscope for 300 to 5000 cps > 
detailed flutter studies | Dimensions: 83%4”x 19” standard rack representative 





WATERPROOF 


MOLDED COILS 


Molded from the new epoxy 
resins, the coils are imper- 
vious to water, oils, dust, 
acids, alkali solutions and 
water base hydraulic fluids. 


Application of MIL-E-1 Tube 
Specifications to Equipment 


The windings are completely 


DELUXE COILS, INC. 
Wabash, 


Post Office 


encased in the thermoset- 
ting resin by incorporating 
the unique design of a core 
tube fabricated from the 
same resin as is used in the 
encapsulating process. 


Coil windings are currently 
being molded in _ green, 
black, red, and blue colors, 
and all four colors are rec- 
ognized by Underwriters’ 
Laboratories as_ insulating 
materials for general pur- 
pose application 105° C. 
Class A requirements. 


Write Dept. E For Complete 
Details 


Box 364 . 


Indiana 


Design 


IN RECENT YEARS, considerable atten- 
tion has been directed toward the prob- 
lem of electron tube reliability. It is 
not always appreciated, however, that 
tube reliability represents only a por- 
tion of the problem and that the im- 
portant end objective is reliable elec- 
tronic equipment. A tube that will 
perform within its rated characteristics 
over a definite lifetime may still give 
unsatisfactory performance in a sys- 
tem if the equipment was so designed 
that it will not operate with allowable 
variations in characteristics of the tube. 
In developing a complicated electronic 
system suitable for large-scale dupli- 
cation in production, it is not enough 
therefore to demonstrate the perform- 
ances of a carefully tailored develop- 
ment system or group of systems. 
Electronic equipments designed and 
developed for military use will in 
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: Section of department making stators for Bendix synchros and motors 


s 
., 
d 
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Tr 
Fast delivery of practically any type syn- 
chro at minimum cost. Isn’t that what you 
want from your synchro supplier? 
If so, consider how well Bendix fills the 
bill. First, as a virtual “supermarket” for 
EXTERNAL SLIP RING AUTOSYNS® synchros, we maintain mass production 
: s et ; ; ; ne ‘ans mini it prices, eve 
n Bendix external slip rings replace ordi- and configuration of these external rings. that mean ee unit prices, even to 
b- nary fixed leads where it is desired to small-quantity buyers. Second, we produce 
is rotate the stator in addition to, or instead As can be seen from the few examples virtually all types of svnchros as standard 
at of, the rotor. Individual mechanical and below, many variations are possible in . a ek De : e st dltiemae tae 
electrical requirements determine location | Bendix External Slip Ring Autosyns. ttem iy: aning you can get delivery fast 
vl —immediately, in most cases. 
» ™ Finally, Bendix synchros are built to 
1C- bs . Fd *“-* e 
‘ll exacting precision standards that equal 
ian ... or exceed . . . those of any other 
eo ae : synchros made. 
1S. e Let our vast experience and mass pro- 
ed duction facilities go to work on your 
Three external stator rings Rotor and stator rings Rotor and stator take-offs ' i 
le in face of Autosyn. mounted concentrically with are by means of brushes sync hro needs, too! 
ye outside diameter of housing. riding on these external : 
i Two external rotor rings. Rotatable gear mounted to rings. District Offices: Burbank, Calif., Dayton, Ohio, Seattle, Wash. 
Ic Autosyn. Export Sales and Service: Bendix International Division, 205 E. 42nd 
sli- St., New York 17,N. Y 
gh 
m- 
»p- E li ° + ee - 
: clipse-Pioneer Division ned 
n 
in Teterboro, N. J. AVIATION CORPORATION 
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COM CHARACTERISTICS 
Operating voltage: up to 200 volts D.C. 
Resistance: up to 16000 ohms 

Single or double wound 


Operating time: 0.050 sec., mox. 


0.003 sec., min. 


CONTACT ASSEMBLY 
All forms A, B, or C 

Single or double pile-up 
Code #4 Palladium contacts, 
standard 

Other contacts available 


MOUNTING 
Two No. 4-40 tapped holes, standard 
Other mountings available 


VARIATIONS 

Plug-in mounting and terminals 
Printed circuit terminals 

Taper tab terminals 

Metal enclosures 

Hermetically sealed 


IN 
hatched out with 


the man from 


aS 
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ME", 
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your problem 

hard-boiled? Type 4C was developed for cod- 
dling those requirements of maximum sensi- 
tivity and long life in a minimum space. It 
possesses a highly efficient magnetic circuit 
operating on a minimum of power. The arma- 
ture backstop on Type 4C is stainless steel 
for maximum strength while the armature is 
fixed to a precision-ground stainless steel pin. 
A standard Phillips Type 4 contact spring as- 
sembly is used, however, all variations in con- 
tact arrangements and contact materials are 
available. Type 4 coils are available single or 
double wound, with time delay slugs and 
special windings for high-temperature and/or 
high humidity. 


Let the “man from PHILLIPS” resolve 
your relay circuit problems. 


HERMETIC SEALS, MULTI-CONTACT, POWER, HERMETICALLY SEALED RELAYS, ACTUATORS 


PHI 


PHILLIPS CONTROL CORPORATION .. . 


LLIPs 


JOLIET, ILLINOIS 


AN ALLIED PAPER CORPORATION SUBSIDIARY 


SALES OFFICES: NEW YORK - 


PHILADELPHIA - 


BOSTON - SAN FRANCISCO - DENVER - SANTA MONICA 


WASHINGTON - WINSTON SALEM - CLEVELAND - DALLAS - SEATTLE - KANSAS CITY - ST. LOUIS - DETROIT 


general be required in quantity even 
in peacetime. The individual parts that 
make up these equipments must also 
be produced in large quantities, often 
by multiple sources of supply, and 
will consequently be subject to pro- 
duction variations. This means that 
standards must be established for each 
component. For electron tubes for mili- 
tary equipment applications, these 
standards are set forth in the MIL-E-1 
Specification. Although this specifica- 
tion has been established primarily as 
a procurement instrument, it contains 
much information that will assist the 
equipment design engineer in design- 
ing equipment of greater reliability. 

The MIL-E-1 tube specification sheets 
are divided into two parts: ratings 
and physical dimensions, and test re- 
quirements. Ratings are the set of 
limiting values defining each condition 
of operation within which the tube 
can be expected to yield a nominal 
period of satisfactory service. These 
ratings are actually application data 
and are included in the specification 
sheets to show what the specification 
is intended to buy. Although the 
general section of MIL-E-1, paragraph 
3.5, states “The values specified on the 
tube specification sheet under ‘maxi- 
mum’ are based on the ‘absolute sys- 
tem’ and are not to be exceeded under 
any service condition,” it is not to be 
inferrred that observance of this stric- 
ture necessarily assures satisfactory 
tube life and performance. As noted 
above, tube ratings in general are nomi- 
nal and represent an estimate of the 
maximum performance a tube may be 
expected to yield while giving “satis- 
factory” life under rather mild environ- 
mental conditions. 


Precautions on Life Test Data 


For designers of military electronic 
equipment, a better guide to the ca- 
pabilities of a tube is the set of con- 
ditions specified in MIL-E-1 specifica- 
tion sheets for life test. Ratings, such 
as maximum bulb temperature, when 
they are not included in the life test 
conditions, should be used with great 
caution, as there is no assurance of 
satisfactory life at maximum bulb tem- 
perature. Regardless of life test con- 
ditions, life can always be extended 
by using tubes conservatively. 

Test requirements are generally di- 
vided into two sections: qualification 
approval tests, and acceptance tests. 
The former are for the purpose of 
establishing the adequacy of the basic 
tube design and the ability of the 
manufacturer to make the tubes to 
specification; in general, these are 
of no interest to circuit designers. 

Acceptance tests establish the mini- 
mum requirements for procuring a pro- 
duct. These are divided into two groups: 
initial tests, and degradation rate tests, 
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-»--Climinate costly shoulders 


»»-groove smalier shafts 
and housings 


Installing NATIONAL Retaining Rings in simple grooves per- 
mits the use of smaller shafts and housings . . . saves machining 
and material wasted when larger shafts are cut down to make 
shoulders. Thousands of performance-proven applications include 
heavy machinery, engines, drill presses, tools, toys . . . products of 
metal, plastics and wood. Simplify the design of your products by 
utilizing the high efficiency of these easily installed NATIONAL 
Retaining Rings. Save weight, space, material, production and 
assembly time! 


THE NATIONAL LOCK WASHER COMPANY 


NEWARK 5, NEW JERSEY 
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More Than a Metal—lIt’s a Method 


Beyond the design and production limits of ordinary metals rises 
Nickeloid Pre-Finished Metals, a versatile design material that 
transforms design ideas into product realities. Available in 14 
finish-to-base metal combinations, this finished raw material 
opens wide new horizons in product design, adapts readily to 
standard production methods, inspires new products — new de- 
signs. Saves production time, costs and equipment investment, 
too, because it’s PRE-finished. 


SEE NICKELOID — BOOTH 1307 
NICKELOID METALS Design Engineering Show 
SINCE 1898 New York Coliseum @ May 20-23 


Get the Facts! Write for Free Sampler- Selector 


AMERICAN NICKELOID CO. 
Peru 3, Illinois 


of which life test is one. Circuit de- 
signers should be cautious with re- 
gard to the reliance that can be placed 
on these two classes of tests. Ini- 
tial tests are used to determine whether 
a lot of electron tubes is acceptable, 
but in general these initial values will 
not be maintained during tube life. 

The values given in the degradation 
tests are a more reliable guide to the 
likely tube performance after an equip- 
ment has been in operation for some 
time. For example, to meet specifica- 
tions a lot of new JAN 6005/6AG5W 
tubes should have an average grid cur- 
rent of less than 0.4 microamp, with 
a maximum of 2.0 for individual tubes; 
after 500 hr, however, the life test 
limit allows the grid current in a 
“good” tube to be as high as 4.0 
microamp, or more than ten times the 
initial average. This latter figure is the 
one to bear in mind when designing 
the grid circuit for the tube. 


Beware of ‘Bogie’ Values 

Most circuit designs are based on 
data and curves printed in the various 
commercial tube manuals. In designing 
military equipment, it is essential to 
bear in mind that such values are 
generally “bogie.” that is, in the center 
of a statistical range; further, the 
values given in tube manuals are 
based on initial measurements typical 
of new tubes. For equipment to per- 
form reliably over a period of time 
it is necessary to consider that an 
acceptable tube may be below bogie 
with regard to an electrical property 
such as transconductance and further 
that this value will probably slump 
with life. While it is highly unlikely 
that all the tubes in a given equip- 
ment will be at the lower limits of 
acceptability at any given time, it is 
equally highly improbable that the 
tubes will have maintained an average 
bogie value during the operation of the 
equipment. 

Usually, good judgment based on 
experience and a respect for what 
tubes can do and cannot do is suffi- 
cient to arrive at a design of satisfac- 
tory reliability, particularly when the 
foregoing is supplemented by the knowl- 
edge available from the applications 
engineers of the various tube manu- 
facturers. However, when a high de- 
gree of reliability is necessary, such 
as in large complicated systems, or 
where large production is intended, the 
cost of a quantitative approach to 
the elimination of marginal designs 
may be justified. 

It occasionally happens that a tube 
manufacturer, may test his product to 
meet additional requirements beyond 
those in the MIL specifications. Circuit 
designers should be cautious in basing 
designs on such properties, as equip- 
ment will be required to function in 


MAY 1957 ELECTRICAL MANUFACTURING 





PRE-TESTED CIRCUIT 


Only circuit breakers PROTECTION IS 


“INSURANCE” 
Can be ssTSU RYO | by H. D. Dorfman 


Westinghouse Electric Corporation 


and te sts prove A most important consideration in se- 


lecting a circuit protective device is its 
ae eer at vs" eo pores 
p or which it is designed. Under-ratec 
A f= stin ghous S AB D re akers devices are nearly as bad, though not as 
hazardous, as over-rated ones. Load test- 
ing is the only positive way to be sure 
a circuit is truly protected. 


protect Cae the ja cis Ss rating Obviously, fuses cannot be calibrated 


and load-tested. An operation-tested 
fuse is like a tested match, of no further 


you nee fel use. Thus, precision protection may not 


be assured. 


Circuit breaker accuracy can be tested 
by the manufacturer beforeshipping and 
retested, if desired, in the field. When 
tested breakers are provided by a repu- 
table company, you can be sure they 
will protect at exactly the rated load. 


Heat-Treating Important 


A number of factors distinguish the 
properly designed and tested breaker. 
Life-long maintenance of calibration is 
assured by several preliminary steps. 
Heat-treating of bimetal subassemblies 
relieves any stresses set up during man- 
ufacture and insures their permanent 
“set.’”’ Failure to heat-treat can result 
in later destruction of calibration by 
load cycles. 

Latching surfaces should be ground 
and polished to eliminate erratic trip- 
ping. Latch members also should be 

tee heat-treated to prevent wear and distor- 
a, oe tion. To insure perfect mating of parts, 

the production and assembly of circuit 
breakers should take place in a tempera- 
ture and humidity-controlled area. 


coe 


Tests Verify Calibration 


These tests conducted on all Type F 
breakers made by my company, for in- 
stance, typify the painstaking care 
necessary to assure the protective quality 
of such devices. 

1. Magnetic elements are adjusted to 
trip at ten times the thermal rating. 

2. After pre-setting of calibrating 
screw, thermal elements are tested to 
trip the breaker at a specific overload, 
within strict limits. 

3. Only after the second successful 
thermal tripping run is the cover assem- 
bled on the breaker. 

a” 4. Following a a insulation 

| y check, the thermal calibration is again 

Leta id ee Ee accurate test-verified to determine that bimetal 
calibrations were not altered lbefore or 


You CAN BE SURE...1F 11's Westinghouse gay papel ram 


Such tests assure positive circuit pro- 
tection at the precise rating for which 
the circuit breaker is designed. 


3-30232 
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PRECISION 
MACHINED FOR 
SS =SCPERFECT FIT 
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It’s Made Better 
for Your Needs! 


@ MEETS J.LC. 
STANDARDS 


@ elbow 
plated 


@ steel cover is cadmium plated with 
larger screws designed to fit snugly 
in opposed corners without protrud- 
ing inside 

® cover domed for greater rigidity, 
provides more working space and 
more wire area inside elbow 


@ full neoprene cover gasket (not cut 
out) 


@ ground smooth surfaces 
tighter cover and gasket seal 


@ more metal at inside 90° bend pro- 
vides stronger, more durable elbow 


and N.M.T.B.A, 


is malleable iron, cadmium 


assure 


@ no obstructions inside, all smooth 
surfaces 
@ hubs have precision tapered pipe 


threads and are positioned exactly 
90° from center 


@ sold complete with covers, screws 
and elbows, shipped assembled 


@ sizes marked on both covers and 
elbows 


SIZES ... Yo”, %”, 1”, 1%”, 1Ye”, 2” 
SEE YOUR WHOLESALER... 


IDEAL-SIMPLET FITTINGS, INC. 


A Subsidiary of ideal Industries, Inc. 


Park Avenue, Sycamore, Ill. 


SEND COUPON FOR ALL FACTS 





I IDEAL-SIMPLET FITTINGS, Inc. I 
: 1008-E Park Ave., Sycamore, III. | 
I i 
1 Send Pulling Elbow prices & data. I 
i I 
I i 
1 Name snag jieeihAaeindsiatenn I 
i i 
i Compan 

i = I 
I I 
1 Address__ aicsaneleeaees i 
i I 
i I 
; Be Rwiisaes ais iN cD ciiisinnen : 
Bo nee ce ee ee ee ee ee ee ee eee oe 
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the field with tubes made by any | 
manufacturer, who may or may not 
have manufactured the tubes to meet 
the additional requirements. 

In general, MIL specifications are 
required for tubes procured for mili- 
tary end use. The specifications dis- 
tributed by ASESA (Armed Services 
Electro-Standards Agency) as part of 
MIL-E-1 are referred to as “co-ordi- 
nated” specifications, However, MIL | 
specifications of “limited co-ordination” 
are frequently issued by the individual 
military departments. In these cases 
the MIL-E-1 serial number is followed 
by the name of the issuing depart- 
ment in parenthesis; for example, type 
“5639A, MIL-E-1/717 (Navy).” Both 
of MIL specifications contain 
much the same information; it is im- 
portant, however, for equipment de- 
signers to be aware of the difference 
between the two types, for only the 
tubes procured to a fully co-ordinated 
specification may be branded “JAN.” 

OoO0°0O 

Reproduced from the News Bulletin 


types 





published by the Advisory Group on Elec- 
tron Tubes, New York, April 1, 1957. 


Automatic Reporting and Data 
Link for Air Traffic Control 


GREATER SAFETY through more efficient 
air traffic control is now possible 
through the development of a TACAN 
Automatic Reporting and Data Link 
System by Federal Telecommunication 
Laboratories, a division of International 
Telephone and Telegraph Corp. This 
newly declassified electronic system 
represents a major step in bringing 
air traffic control to a point where it 
can adequately handle not only the 
high-speed aircraft now in operation, 
but those projected in the future. 

According to FTL President Henri 
G. Busignies, TACAN Data Link 
offers a “powerful tool” for develop- 
ment of a long-sought system to re- 
move delay in air traffic control. “TA- 
CAN Data Link”, he said “heralds 
a new era of navigational safety in 
military and commercial aviation. The 
new system is being made available to 
aviation authorities at a time when 
the introduction of supersonic jet air- 
craft poses new problems in air traffic 
control.” TACAN Data Link, he 
added, “can handle the most complex 
trafic situations with ease, since the 
exchange of full data on identification, 
speed, course, altitude, and position 
for 120 aircraft can take place in only 
six seconds.” 

TACAN Automatic Reporting and 
Data Link System, developed for the 





~ 
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Air temperatures to 950°F 
FIM Dem eet) | 
Lea ee 
Ay Tha 
CHROMALOX* 
Electric Finstrip Heaters 


For drying, baking, curing, space heating 

. anywhere you need uniform heat 
under forced circulation, here is the clean, 
fast, economical answer. Chromalox Elec- 
tric Finstrip Heaters install quickly and 
easily as individual units, or as factory 
assembled banks. Low original cost. Main- 
tenance-free. Parallel fin design permits 
maximum heat with minimum turbulence 
of air stream. Choice of steel or chrome 
sheaths. Moisture proof types available. 


FREE—Send today 
for these 2 BIG 
HEATING HELPS 


Catalog 50—Describes 
complete’ Chromalox 
Electric Heating line. 


Booklet F1550—‘‘101 
Ways to Apply Electric 
Heat.” 





Edwin L.Wiegand Company 


7530 Thomas Boulevard © Pittsburgh 8, Pa. .,,, 
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BEARINGS 


Quality is a must for trouble free operation, con- 
tinued customer satisfaction. And quality depends 
upon the excellence of every part, every component. 
For many years Whirlpool-Seeger has used OILITE 
center post bearings, agitator shaft bearings, water 
pump bearings and pulley bearings in their auto- 
matic washers. Whirlpool-Seeger uses these and 
other OILITE parts for very good reasons. 

First of all, the manufacturer knows OILITE 
heavy-duty bronze bearings will meet specifications. 
Chrysler-Amplex precision production assures him 
OILITE bearings capable of carrying their loads 
safely, surely and quietly. 

Then too, Chrysler-Amplex plant and facilities— 


largest and most complete of any in the metal 
powder fabrication industry—promises on-time 
deliveries in any quantity. 

Moreover, in using OILITE bearings the manu- 
facturer selects a product his customers know and 
respect for superior engineering. 

inally, this manufacturer, like a great many 
others, finds OILITE bearings—despite all their 
advantages—cost no more. 

Chrysler-Amplex representatives and dealers are 
located in principal cities in United States and 
Canada. Let the nearby representative help you. 
Find him in the yellow section of your telephone 
directory under—‘“‘Bearings—OILITE.” 


Only Chrysler Makes Oilite* 
- AMPLEX DIVISION 


CHRYSLER CORPORATION + 


Representatives and dealers located throughout the world 


*OILITE is a 
registered trademark 


¢ FINISHED MACHINED PARTS + 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


PERMANENT METAL FILTERS «+ 


DETROIT 31, MICHIGAN 


FRICTION UNITS «+ 


FERROUS AND NON-FERROUS METALS 
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The Key is 
VERSATILITY... 


Output (hp) Y 





Speed (rpm) 3400 
Duty continuous 
Field Voltage 70 
Field current (amps) 0.470 
Armature voltage 230. 
Armature full load current (amps) 1.25 
Stalled torque (Ib. in.) ae 
Armature circuit resistance (ohms) 15.4 
Armature circuit inductance (henries) 0015 
Theoretical acceleration at stall 

(radians/sec.?) 25,400 
Armature inertia (Ib. in.?) 1.10 
Weight 13.5 


The above values are valid for DC operation. 


DC CONTROL MOTOR 


The newly developed FD87 DC flange mounted motor features 
a separately excited shunt motor with internal armature com- 
pensation. Torque is directly proportional to the armature current 


and it can be readily driven by full-wave or half-wave thyratron 
controlled rectifier circuits. 


Note especially the high acceleration constant. 


One of many applications is in the machine tool and metal 
fabricating fields as a positioning servomotor. 


Send for additional engineering data. 


piel!) DIEHL MANUFACTURING COMPANY 


Electrical Division of THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J. 


EM5-57 


other available components 
¢ AC SERVOMOTORS * AC SERVOMOTORS WITH AC TACHOMETERS 
¢ AC SERVOMOTORS WITH DC TACHOMETERS * AC AND DC TACHOMETERS 


* DC SERVO SETS 
* RESOLVERS 









BOOTH 132—DESIGN ENGINEERING SHOW, NEW YORK COLISEUM, May 20-23 


334 








U. S. Navy, is an additional feature 
of the TACAN (tactical air naviga- 
tion) system, which is being integrated 
with the commercial VOR (very high 
frequency omnirange) navigation sys- 
tem. The integrated commercial navi- 
gation aid, called VORTAC, will soon 
become the U. S. Common Air Navi- 
gation System. 

TACAN Data Link service is pro- 
vided by merely adding a small “black 
box” to TACAN or VORTAC-equipped 
aircraft. No new radio equipment is 
needed. 

The instrument panel on TACAN 
Data Link-equipped aircraft con- 
tains a number of dual-purpose instru- 
ments which simultaneously advise 
pilots of existing conditions and dis- 
patch orders from the ground station. 

For example, the dials of the TA- 
CAN instruments give the pilot his 
bearing and distance from the ground 
station and, at the same time, the 
bearing and distance that the air traffic 
controller has assigned. The same is 
true for the dials of other instruments, 
such as the air speed indicator and 
the altimeter. 

Unique Push Button Arrangement 

Two revolutionary new panel instru- 
ments enable the pilot and ground con- 
troller to exchange messages on routine 
matters through a unique push-button 
arrangement. Each has at his command 
a “library” of 31 messages. Should 
the ground controller want the pilot 
to let “wheels down,” “hold,” or 
“proceed,” he pushes the appropriate 
button and the order appears in word 


‘form on the pilot’s instrument. Simi- 


larly, if the pilot wants to inform 
the ground station that he is “landing,” 
or “holding.” he presses the appro- 
priate button on his instrument panel 
to convey the information. As each 
order arrives, a signal calls it to the 
attention of the pilot. The pilot ac- 
knowledges the order by pushing the 
appropriate button for completely safe 
control. 

One big advantage of the TACAN 
Automatic Reporting and Data Link 
System is the elimination of the lan- 
guage difficulty for pilots flying inter- 
national routes. Currently, the world’s 
‘rincipal airports have operators who 
understand and speak or more 
languages. Most pilots also have train- 
ing in a second language, but under 
extreme pressure, the difficulties with 
noise, distortion, and language collo- 
quialisms may cause a misunderstand- 
ing. Some accidents have occured in 
the past which were believed to have 
been caused by the inability of foreign 
pilots to follow instructions from the 
tower. With the new TACAN Auto- 
matic Reporting and Data Link, the 
message transmitted from the ground 
appears in the cockpit as a written 
message in a small window. The same 
transmission, therefore, can appear in 


two 
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Silicones Assure Top Performance 
Of All Mercury Outboard Motors 


New evidence to the versatility of Dow 
Corning silicone compounds comes from 
Kiekhaefer Corp., Fond du Lac, Wis- 
consin, manufacturer of the “Mark 
75,” world’s most powerful production 
outboard motor. 


To help keep this and the other eleven 
new Mercury motors in top operating con- 
dition despite rugged service, Kiekhaefer 
coats several rubber, ceramic and metal 
parts in every motor with a paste-like 
silicone dielectric compound. Exceptionally 
resistant to heat, cold, oxidation and mois- 
ture, the silicone compound protects and 
preserves rubber, serves as a light lubri- 
cant, and helps prevent shorts in the 
electrical system. Since this Dow Corning 
silicone compound remains serviceable 
from —70 to 400F, it stays in place to 
minimize maintenance and to assure long, 
trouble-free service. No. 124 


Silicone News 


FOR DESIGN ENGINEERS 


Silastic Seals Help Make Glass 





Heat Exchangers Maintenance-Free 


With superior resistance to heat and 
compression set, Silastic* —the Dow 
Corning silicone rubber — has helped 
Corning Glass Works to engineer low 
maintenance into their new Pyrex 
modular shell-and-tube heat exchanger. 


Mass produced for off-the-shelf delivery, 
these glass heat exchangers are designed 
for processing corrosive and metal-sensitive 
liquids. Any number of standard sections 
can be combined into a single, efficient 
heat exchange unit. Maintenance is almost 
nil due to the glass construction and the 
efficiency of a Silastic seal between the 
shell and tube. 


Here’s how it works: a resilient Silastic 
gasket is put under pressure by tightening 
the flange bolts of the sections. Completely 
contained between the tubes and a retainer 
ring, the Silastic in turn, forces a Teflon 
“protector” sheet to form a permanent, 
leakproof seal against the tube ends. 
Resilience and positive pressure are main- 
tained by the Silastic part despite expan- 
sion and contraction at operating tempera- 
tures as high as 375 F. 


That’s the kind of serviceability you can 


Heat Resistant Silicone Enamel Improves Heater, Cuts Costs 


Paints and enamels made with Dow 
Corning Silicones not only solve the 
problem of keeping an attractive finish 
on hot metal surfaces, but frequently 
effect noteworthy savings in production 
costs as well. For example— 


Five years ago, Temco, Inc., Nashville, 
Tenn., switched from a vitreous finish to 
a silicone enamel for 
the upper grille of their 
gas-fired wall heaters. 


The heater normally 
operates at 350 F, but a 
blocked flue can quickly 
boost this temperature 
to 500F. Temco has 
used the silicone enamel 
on over 25,000 units 
without a single custo- 
ATLANTA * 


BOSTON + CHICAGO + 


READER INQUIRY SERVICE CARDS, 








CLEVELAND ° 


PRECEDING BACK COVER 


mer complaint about loss in color, gloss | 
or adhesion. Because the silicone coating | 
remains flexible and does not require high- 
temperature firing, production savings have | 
been tremendous. Rejects due to chipping | 
and warping have been virtually elimi- 
nated. Even handling and shipping costs 
have been reduced. 


The enamel used in this 
application is a brown 
Sicon finish formulated 





DALLAS * DETROIT - 






LOS ANGELES ° 
Canada: Dow Corning Silicones Ltd., Toronto; Great Britain: Midland Silicones Ltd., London; 





expect from seals backed by these typical 
Silastic properties: 


* Temperature range, F ___-_- — 130 to 500 
¢ Tensile strength, psi _.._.__- 600 to 900 
© TI, IR . Sidon reicinecig wins 150 to 300 
* Tear strength, Ib/in ..._____ 40 to 75 
* Compression set, %, at 300F 25 to 50 
* Hardness range, Durometer —_ 20 to 80 
* Weather, ozone and corona 

COD Jn nieentitnwenguee< Excellent 
Sr mM. REG No. 125 


U. S. PAT. OFF 


1957 


Design \\ 
Cuginecting 


Show 


For the latest news of 
silicones and to learn 
how silicones can help 
solve your design 
problems, be sure to 
visit BOOTH 406 at 
the Design Engineer- 
ing Show. 


Design Edition 32 





DOW CORNING CORPORATION - Dept. 4517 


Midland, Michigan | 








Please send me 124 125 126 

with Dow Corning es ay Ss 
cones by Midland Indus- | 

trial Finishes Company. | "TE - - ean 
ae eeetme 16 |) SIRE —__—_— | 
sprayed on the steel | company artes ser SE. 
grille and baked 20 min- 

meee.) tae eee 








NEW YORK * 


WASHINGTON, D. C. 
Gobain, 


France: St. Paris 
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Regulation in less 


Simultaneous two-pen recording of 60 c.p.s. voltage 


PLUS Pure Sine Wave Power 


CURTISS-WRIGHT 


than '/soth cycle... 


Output of typical electromechanical 
regulator in response to step change in 
ao a Average correction rate of 








Output of Curtiss-Wright Distortion 
Eliminating Voltage Regulator from 
same input. Full recovery in 330 
microsec, 


LINE REGULATOR 


Electronically regulates r.m.s. and peak voltage si- 


multaneously to + 1%. 


Reduces typical power line distortion to less than 0.3%. 


Furnishes 1.4 KVA of distortion-free power. 


Introduces no phase shift between input and output. 


Simultaneously provides additional 4 KVA of +1% 
electromechanically regulated power. 


Faster recovery time (less than 
oth cycle, or 330 microsec- 
onds) plus the unique ability to 
eliminate line distortion — these 
are the reasons why the Curtiss- 
Wright Distortion Eliminating 
Voltage Regulator has been chosen 
by more and more laboratories 
and production test departments. 
Besides general laboratory use, 
this line regulator provides sim- 


pler, more accurate calibration of 
meters . . . better design of trans- 
formers, synchros, motors . . . 
easier testing of such components, 
with fewer rejects . . . easier, 
more accurate measurement of 
magnetic properties and receiver 
sensitivity . . . better a.c. com- 
puter performance . . . elimination 
of fast line transient effects. Write 
for details. 


Electronic Component & 
Instrument Sales Department 


ELECTRONICS 


ee ee 7) 


WUE ‘WRIGHT 


CORPORATION - 


CARLSTADT, WN 


English in one plane, and in French, 
German, or Japanese, in other planes. 
The phenomenal increase in air traf- 
fic in recent years has created a 
major air traffic control problem be- 
cause of both the increasing number 
of airplanes and the extreme speeds 
at which many of them operate. 

The pilots of today have come a 
long way in the field of air navigation. 
No longer is it necessary to follow 
railroad tracks or fly by the “seat of 
their pants.” Today, the well-equipped 
pilot knows exactly where he is, re- 
gardless of weather and other con- 
ditions, but his communications with 
the ground are still similar to an 
old-fashioned party-line. To report his 
position, he has to wait his turn to 
use a particular frequency, which he 
shares with a number of other planes, 
thus greatly increasing delays and the 
possibility of accident. In the case of 
the crash between airliners over the 
Grand Canyon last year, it now seems 
obvious that continuous knowledge of 
aircraft positions by the ground con- 
trollers would have prevented the ac- 
cident. 

Government acceptance of TACAN 
as part of the common civil and mili- 
tary system—VORTAC—amarked a ma- 
jor contribution by IT&T to the solu- 
tion of the air navigation and traffic 
control problem. The VORTAC pro- 
gram is now being implemented by 
the Civil Aeronautics Administration. 
(TACAN and VORTAC supply infor- 
mation which enables the pilot to know 
accurately where he is and how to 
travel on an almost limitless number 
of airlanes.) 


Limitations of Radar 

Today’s increased air traffic makes 
control by land-based “air policemen” 
a necessity. The transmission of accu- 
rate navigation information to pilots 
by automatic means is indispensable. 
This same information must be made 
available to air traffic-control center 
personnel, if it is to be of any help 
in policing air traffic. 

Some effort at air control has been 
made by the use of radar alone. The 
radar scope is not unlike the television 
screen, but instead of presenting a 
picture that is an accurate representa- 
tion of what the eye sees, it shows 
only spots, or “blips.” These blips indi- 
cate where the aircraft in question is 
located. Unfortunately, the ground con- 
troller has no immediate way of 
knowing what planes are represented 
by these blips. He must watch the 
spots for a period of time and main- 
tain voice communication to ultimately 
determine courses and speed. Further- 
more, it takes a separate radar to 
determine altitude. Radar, alone, with 
all its advantages, does not provide 
a means for accurate and _ positive 
identification of aircraft by the ground 
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HUSSEY COPPER 


is your answer 


Nothing else serves so well and with the same 
versatility as Copper . . . and there is no finer 
quality than HUSSEY COPPER. Complete 
control of quality from the mine to the finished 
rolled form gives Hussey Copper a distinctive 
uniformity and top quality that ideally suits it 
to all your copper requirements. 

Copper in all its forms and grades can be 
obtained from Hussey in mill runs or warehouse 
quantities. When you think of copper . . . think 
of HUSSEY COPPER. 


HUSSEY COPPER 
PRODUCTS 


SHEET, ROLL AND STRIP... 
ROD, WIRE AND SHAPES... 
TUBING AND PIPE... 

ROOFING MATERIALS 


7 Convenient Warehouses to Serve You... 


PITTSBURGH (19) 2850 Second Ave. CLEVELAND (3) 5318 St. Clair Ave. CINCINNATI (37) 1045 Meta Drive 
CHICAGO (18) 3900 N. Elston Ave. ST. LOUIS (1) Central Terminal Bidg. PHILADELPHIA (30) 1632 Fairmount Ave. 


NEW YORK, LONG ISLAND CITY (6) 34-39 Thirty-first St. 
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This rotary switch component for an electric range 
proved to be a delayed-action saboteur. The beryllium 
copper from which it was formed was so hard that 
over a period of time it scratched and gouged the 
phenolic cams actuating the switch—to the point 
where the switch would soon become inoperative, 
causing customer complaints and damaging the manu- 
facturer’s reputation. 


A specially-produced phosphor bronze alloy from Miller 
provided a quick and painless solution. Miller experts 
were able to recommend and produce a metal that re- 
tained the high degree of spring tension necessary 
for dependable operation—yet soft enough to protect 
the cams from damage. And, as an extra benefit, the 
manufacturer also found that it formed more easily— 
with far fewer rejects. 


Miller specializes in the expert production of quality 
phosphor bronze—in strip, coiled and flat lengths— 
tailored to your specific needs. Remember: at Miller, 
Phosphor Bronze is the main line—wnot a sideline. 


THE MILLER COMPANY « MERIDEN, CONN. 
ROLLING MILL DIVISION 


A-mbuitis Cualilj Fsyohor Pronge 


personnel responsible for coordinating 
air traffic. 

TACAN and the Automatic Reporting 
Data equipment uses all the techniques 
of radar but adapts them completely 
to the needs of identification and auto- 
matic reporting of air traffic control. 

IT&T’s new system embodies a scope 
in which the radar spot is replaced 
by numbers. The position of these 
numbers on a map represents the lo- 
cation of an airplane. One number 
gives its air speed. An arrow passing 
through the numbers gives the direc- 
tion in which the aircraft is headed. 
With this information the ground con- 
troller has all he needs for quick 
decisions. He can work out traffic con- 
trol instructions, or it can be done in 
split seconds by electronic computers. 
The pilot is then given a safe course 
to follow by means of the TACAN 
Data Link. He merely presses but- 
tons to acknowledge receipt of and 
compliance with these instructions. 

Another of the principal problems 
in the improvement of communications 
is the short supply of usable frequencies. 
The TACAN Automatic Reporting and 
Data Link has the additional advantage 
of using the regular TACAN frequen- 
cies and does not require additional 
channels which at present are so 
valuable. The equipment consists of 
attachments to the TACAN or VOR- 
TAC systems, contains no radio cir- 
cuits, and is applicable to VORTAC 
as well as TACAN. 

The TACAN Automatic Reporting 
and Data Link takes its place with 
other major IT&T contributions to 
aviation, such as the internationally 
adopted ILS (Instrument Landing Sys- 
tem), the world’s first instantaneous 
direction finder, low- and medium-fre- 
quency 4-course radio ranges, Very- 
High-Frequency (VHF) airport direc- 
tion finders, surveillance radar, airborne 
and ground transmitters and receivers, 
LORAN (Long Range Aid to Naviga- 
tion), and electronic altimeters. 

The new TACAN Automatic Report- 
ing and Data Link was directed in 
the U.S. Navy by Mr. John Loeb. 
of the Bureau of Ships, who also 
directed the development of TACAN 
for the navy. 000 


JV 


Transistor Survey Reveals 
Vast Markets 


PRODUCTION OF TRANSISTORS will in- 
crease almost five times in the next 
three years, according to William J. 
Peltz, Vice President and General 
Manager of Philco’s Lansdale Tube 
Company Division. 

Basing his forecast on a market 
survey made for Philco by the Stan- 
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Two of the new Leesona No. 107 Automatic Coil Winders recently installed in the 
Clock and Timer Department of the General Electric Company, Ashland, Mass. The last 
word in automatic coil winder design, No. 107’s wind paper-insulated coils in stick form. 
Automatic operation eliminates human error, reduces wire breakage to a minimum, cuts 
production time and costs. Inset shows a Type H3 Synchronous Motor, one of many Tele- 


chron timing units with coils precision-wound on Leesona No. 107 machines. 


Clock and Timer Department, General Electric Company 
selects Leesona Coil Winders as standard equipment 


General Electric Department 
adds No. 107 machines for proved 
production advantages 


The synchronous timing motors 
made by the Clock and Timer Depart- 
ment of the General Electric Com- 
pany are famous for accuracy and 
dependability. 

One reason why is the high effi- 
ciency maintained by this department 
of the General Electric Company, in 
its wide range of coil winding opera- 
tions. Leesona Coil Winders are 


FOR WINDING COILS 
IN QUANTITY...ACCURATELY 
..- AUTOMATICALLY ...USE 


UNIVERSAL WINDING MACHINES 
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standard equipment at General Elec- 
tric Telechron plants — and during 
a recent expansion of production fa- 
cilities, Leesona No. 107 Automatic 
Coil Winders were important new 
additions. 

Leesona No. 107 machines are fully 
automatic. Every feature is designed 
to produce compact, uniform, paper- 
insulated coils — in fastest time 
with minimum operator attention 
at lowest cost. This General Electric 
department reports: 


**The Short Paper Attachment on 


Please send me 


coil winding machinery. 


BACK COVER 


our Leesona No. 107 Coil Winders 
is a big advantage. Allowing an 
initial paper insert of 11%”, it elimi- 
nates the usual 234” insert when 
starting winding. On these particu- 
lar oan the result is considerable 
savings in wire.”” 


Get the Whole Story 
on how Leesona No. 107 Automatic 
Coil Winders can bring new, profit- 
boosting efficiency to your own coil 
winding production. For complete de- 
tails on this advanced machine — and 
other helpful coil winding information 
— check and mail the coupon today. 


UNIVERSAL WINDING COMPANY 


P, O. BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 135 


C] Bulletin on the Leesona No. 107 Automatic Coil Winder. 
[] Condensed catalog of Leesona Winders. 


rs Bulletin on the new Leesona Pay-As-You-Profit Plans for purchasing or leasing modern 














































Design and 


Development 


Engineers: 


Ai Adee 
Check your SPRING 


t 





DESIGNS with 


The I-S short run department can save you 


time and mo 
pr 


ney in the planning stage or whenever 
oduction quantities required are limited. 


Precision springs in small lots are produced quickly 


and economically .. 


. designers can check springs 


eaetece 


IFS 


for performance and design prior to ordering production 
runs. If you have a problem, ask I-S specialists for a 
recommendation on your specific spring applications. 





or write for our latest Catalog. 


SERYLLIUM COPPER SPRINGS 


Telephone: Little Falls 4-0280 


«+ PROCESSED” 





INSTRUMENT SPECIALTIES CO., 
254 Bergen Blvd. « Little Falls, 


Specify I-S Beryllium Copper Springs 
for High Strength and Endurance: 
For further information on |-S Micro- 
Processed Beryllium Copper Springs, 
consult Sweet’s Product Design File 


INC. 
N.J. 





HOUR METERS TAKE AWAY THE GUESSWORK 


Beat down-time on production equipment! Maintenance record systems are of value 
only when they are based on accurate operating time. The Hobbs Hour Meter 
furnishes the time data essential for a genuinely effective maintenance program 
. « » and time information vital for cost and production records. Compact and easy 
to install on any equipment operated by alternating current. Ruggedly built .. . 
sealed against dust and moisture. Easy to read. 


@ Write for Catalog AC-587 for complete information. 


JOHN W. 
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ford Research Institute, Mr. Peltz 
stated that production of transistors 
for military, industrial, commercial, 
and home entertainment uses is expected 
to reach 125 million units in 1959 
as compared with anticipated produc- 
tion of 26 million units for the current 
year. 

“The Stanford report, in which 80 
companies in the electronic field co- 
operated, indicates that in 1958, pro- 
duction of both germanium and sili- 


con transistors will reach 59 million 
units,” he added. “These are figures 


based on actual production potentials 
of these companies and foreseeable 
needs.” 

“We have every reason to believe 
these figures are conservative. The dy- 
namic nature of the transistor business 
will require continual updating and 
re-evaluation of markets.” 

There is no phase of American life 
that germanium or silicon transistors 
will not touch technologically, accord- 
ing to the report. The impact of tran- 
sistors in military equipment, commer- 
cial and industrial uses, and in con- 
sumer goods such as_ transistorized 
radios, is already known. 

“During the next three years, transis- 
tor production and use will expand 
steadily,” the report stated. “Just how 
dramatically the transistor market will 
grow depends largely on price and 
the success in building transistors that 
will meet increasingly stringent tech- 
nical requirements.” 


Silicon Transistors on Up Grade 


“A look at the growth figures for 
the germanium and silicon transistor 
markets shows that germanium has the 
higher growth rate today. By 1959, 
however, the growth rate for silicon 
may be equivalent to the 1957 rate 
for germanium.” 

An indication of the growth of these 
two types of transistors, through 1959, 


is as follows: 
In 1957, the military is expected 
to use 2 million silicon transistors, 


and in 1959, more than 18 million units. 

In 1957, commercial and industrial 
use of silicon transistors is expected 
to be 250,000 units, and in 1959, more 
than 1 million units. 

Military use of germanium tran- 
sistors in 1957 is expected to be close 
to 5 million units and in 1959, almost 
27 million units. 

Commercial and industrial demand 
for germanium transistors in 1959 will 
total about 8 million units, in 1959, 
about 50 million. 

And in home entertainment—radio, 
television, tape recorders—germanium 
transistors should reach the 11 million 
unit mark in 1957, and in 1959 more 
than 20.5 million. 

Mr. Peltz pointed out that these 
are markets that exist today and uses 
which will be developed and in pro- 
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BAKER’s vast experience and research in metallurgy 

; have made possible the development and production of 

: fine wires of ductile and non-ductile materials to meet 

7 NN ' W 4 i 1 7 . the expanding needs of industry. This know-how in metals 

has enabled BAKER to develop processes for bare drawing 

wire as fine as .0004’". Where smaller fine wire is required, 

z BAKER meets the need by employing the Wollaston pro- 

ut CTI a iy 1 cess, when working with ductile metals, and the Taylor 
and Extrusion methods for non-ductile materials. 

Extruded Wire of low fusing alloys can be supplied 

NE f) 1 AE: by BAKER in sizes down to .001”. These have found 

application as protective fuses for instruments and can be 

supplied to fuse at any desired current. BAKER Wollaston 

Wire is produced with a length of bare drawn wire in- 

) iN ‘ * | A lS serted into a close fitting tube of another metal, which 


is removed and dissolved by acid or other solvents before 

application. Both are drawn down to the desired size. 

Nida FVERY BAKER Taylor Process Wire can be supplied in ductile 
and non-ductile materials. The metal or alloy is contained 

in an insulating material and both are drawn to the de- 

1: ___ Sired size. In this way, the metals or alloy core are not 

Ny P {| A 1 ly contaminated and are of exceptionally high purity. Sizes 
from .040” to .00004” are available. The chemical prop- 


erties of BAKER precious metal Potentiometer Wire render 

a | 1 7 ' I i Na it immune to corrosion and provide the high quality wire 
necessary for the delicate, precision potentiometer. Sizes 

as small as .0005" diameter, and enamelled to .001” 


diameter, can be supplied. 
Write for complete catalog material and details. 


HT 
— <¥ | 


PRECIOUS METAL CONTACTS RHODIUM PLATING provides PRECIOUS METAL RUPTURE 
resist chemical attack and a hard, brilliant white, DISCS resist corrosion and 
effects of the electrical arc non-tarnishable surface provide adequate openings 
to provide long life, un- extremely resistant to cor- to protect and relieve pres- 
varying performance. rosive conditions. surized apparatus. 


1-9:) 45.4 precious 
METALS 
BAKER & ¢CO., INC. 


113 ASTOR STREET, NEWARK 2, NEW JERSEY 
NEWYORK + SANFRANCISCO + LOSANGELES + CHICAGO 


ENGCELHARO (NOUSTRIEF 


Sees eae £ PA ers oe Or rs £erercrs evr re FED erees Oe tare s 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 341 





duction by 1959 and do not represent 
the potential of new applications that 


& 
have not been fully developed or whose 
wee need has not yet been explored. 
An example of a new market is 


the transistorized fuel injection system, 
which some automotive experts believe 
will obsolete carburetor systems in 


passenger cars and trucks within the 
next few years. This market may well 
account for 30,000,000 transistor units 
annually. 


The future of the transistor in home 


and auto radios is well assured. Some 

a * day, with the further development of 
transistorized radios, the car radio will 

play a dual role; as a _ plug-in or 

« battery radio for the car, and as a 


portable, cordless radio, to be carried 
into the home or elsewhere. 

It is difficult to estimate the volume 
of transistors required for such un- 
known markets as musical instruments 
and toys, but experts agree that it 
will be substantial. The trend toward 
realism and action in toys may well 
add up to tens of millions of tran- 
sistor sales, the report said. 

“The huge growth of transistor pro 
duction, sales, and applications in the 
year 1956 emphasizes that this industry 
is leaving the infant category and is 
becoming a fast-growing adolescent.” 
the report added. “Sudden and unantic- 
ipated expansions are the rule rather 
— @ 80 80 100 120 140 © 160 180 than the exception for this stage; there- 


fore, predictions for over-all growth 
COMPARISON OF COOLING EFFECTIVENESS and timing of such growth should be 


i i . . subjected to frequ checks. 
Exclusive IERC Tube Cooling Effectiveness Provides ‘tue tegen ticle 


“Missile receivers, navigational ra- 


Greatly Extended Tube Life And Reliability ! dars, fire control equipment, transpon- 


ders and telemetering systems, flight 

Though electronic engineers know that even the slightest tube control equipment and autopilots, prox- 

temperature reduction improves tube life, the greatest success imity fuses and countermeasure re- 

enjoyed in obtaining extended tube life has been when IERC Heat- ceivers are likely transistor applications 
dissipating Tube Shields have been specified and used. Results show cy = next three years. : 

: oe ; eee : : Most audio equipment, including 
that extensive gains in tube life and reliability are easily achieved — office intercoms, phonograph amolifiers. 
that tube operating temperatures are reduced as much as 150°C — speech compressors and expanders and 
that IERC’s Military Type “B” shield is the only effective answer 


roving microphones, is expected to be- 
to obtain these benefits in your new equipment. Positive shock and come transistorized in reasonable steps.” 


vibration protection plus electrostatic shielding is provided. Graphs “As the use of transistors becomes 
show temperature reductions when IERC “B” and “TR” shields justifiable from an economic stand- 
are used with 6005 tube operating at full plate dissipation. Meets a ee ene eee of arene 
5 a iia ‘ suc as is ’ customer WwW 
or exceeds Mil—S—9372B (USAF). no doubt come to expect his “hi-fi 
equipment to be ‘up-to-date’ and in 
Retrofit For Maximum Tube Life the latest fashion.” O00 


No modification is required with IERC “TR” 
Type Heat-dissipating tube shields! TR’s fit 
easily to existing JAN sockets—greatly extend 
tube life through excellent cooling and reten- 
tion against shock and vibration. 


Complete IERC literature and Technical Code of Ethics on Recruiting 
Bulletins sent on request. WRITE TODAY! Proposed by Engineering 


* Ned Educators 
aN CONCERNED THAT THE GREAT DEMAND 
2 nN for engineering graduates will lead to 


excesses in college recruiting, the 
American Society for Engineering Edu- 
145 West Magnolia Boulevard, Burbank, California cation and the Midwest College Place- 


300 


"ARINC REPORT 
FOCA 56-1161 220 


BULB TEMPERATURE IN °C 


AIR TEMPERATURE IN °C 


PATENTED R PATS PEND CROSS-LICENSED WITH NORTH AMERICAN AVIATION, INC 


electronic research corporation 
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SF oe ee es one 


Automatic Circuit Recloser Parts made from Syn- 
thane sheet and tube provide insulation for high 
voltages. 


Think of the many conveniences avail- 
able simply by plugging into an electrical 
outlet. 

On both sides of the outlet Synthane 
laminated plastics are at work in power 
generation and distribution, home appli- 
ances and other electrical equipment. 

You find Synthane laminated plastics 
in circuit breakers, buss bar coverings, 
transformers. Synthane laminated plas- 
tics are important insulators in toasters, 
ranges, food mixers. Synthane is at work 
in thermostats, voltage regulators, 
power tools. 

Synthane is valued in electrical appli- 


DIELECTRIC STRENGTH IMPACT STRENGTH 


cations chiefly for its high dielectric 
strength, low moisture absorption and 
low dissipation factor plus its additional 
properties of dimensional stability, ma- 
chinability and mechanical strength. 
Synthane is available in over 30 standard 
grades in sheet, rods, tubes or you can 
avail yourself of our complete fabricating 
services. 

For more information about the many 
properties of Synthane and how you can 
benefit by using Synthane materials and 
fabricating services, write for our product 
catalog. Synthane Corporation,17 River 
Road, Oaks, Pennsylvania. 


(Be 


HEAT RESISTANCE LIGHT WEIGHT 


... industry’s unseen essential 


SYNTHANE CORPORATION, 17 RIVER ROAD, OAKS, PA. 
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Perforated Materials 
for Zyey Application 


Contact H & K for 
any perforated 
materials your 

product may 
require. 


No. 00 Straight Holes 
Dae eee ee ~ 


952 holes per sq. in. 
-020” diam. 30% open. 


We have tools 

for perforating 
thousands of 
different patterns. 


-060” Staggered holes. 
126 holes per sq. in. 
3/32” centers. 36% open. 


We will be glad 
to work with you 
on your perforat- 

ing problems. 


1/4" Staggered Holes. 
5/16” centers. 
28” diam. 58% open. 


See our catalog 
in Sweet’s Product 
Design File. 


AE eee 
tH 
a a - a 
RA RAS EAS SE 
Lincane 47% open 


Perforating all 
metals, Masonite, 
lywood, paper, 
cloth and plastic. 


Two-tenths square, 
64% open. 


Round holes, 
square holes, 
slots, ornamental 
tterns, oblong 
ceien, oval holes. 


Perfex 40% open 


Fill-in and 
mail coupon 
to office and 

warehouse 
nearest you. 


Cane "41" 41% open. 


re oept 
Harrington & Ming 


PERFORATING CO. INC. 


| Chicago Office and Warehouse New York Office and Warehouse | 
5657 Fillmore Street 112 Liberty Street 
Chicago 44, lil. New York 6, N.Y. 


Please send me— 
([] GENERAL CATALOG NO. 62 
0 STOCK LIST of Perforated Stee! Sheets 


TITLE 
COMPANY. 


| 

| 

| 

UNI re eed 
_ — ~§ 

| 

| 


STREET. 


CITY. 


ZONE_____ STATE — J 
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ment Association have joined to pre- 
pare a new “code of ethics” on Recruit- 
ing Practices and Procedures. The code 
says—in effect—that industry, colleges, 
and students must especially seek to be 
prompt, businesslike, and honest in 
their placement activities because of the 
temptations of today’s keen demands 
for graduates. 

Employers should avoid “elaborate 
entertainment and overselling.” There 
should be no “special payments, gifts, 
bonuses, or other inducements,” nor 
should there be reward for a third party 
who may prevail upon a student to 
accept an employment offer. 

On their side, students “should not 
hoard or collect job offers.” When a 
student accepts an offer he should let 
other prospective employers know his 
decision and he should not accept addi- 
tional Students invited to 
visit plants or company headquarters 
should decline unless “sincerely inter- 
ested” in working for the company, and 
their expense sheets for 


interviews. 


such trips 
should include only expenses directly 
concerned. 

The colleges can help, says the new 
report, by encouraging both students 
and interviewers to be businesslike, by 
discouraging “indiscriminate shopping,” 
and by giving interviewers complete 
information about graduating students. 

The new “code of ethics” revises a 
March, 1949, publication of the Ameri- 
can Society for Engineering Education. 
In a foreword to the new booklet, C. J. 
Freund, dean of the College of En- 
gineering, University of Detroit, and 
chairman of ASEE’s Committee on 
Ethics, says, “Industrial employers are 
actively competing for the services 
of engineering graduates. In the stress 
of competition some employers have 
developed procedures which appear im- 
proper to others, particularly those with 
longer experience in visiting colleges 
to interview seniors. 

“We hope that some of the present 
difficulties may be overcome by the new 
‘code of ethics’, adjusted to new con- 
ditions, in the same way that a pre- 
vious publication was instrumental in 
solving similar problems of 1949,” says 
Dean Freund. OOO 


That Bright New Automated 
Kitchen of Tomorrow 


A THIRD DIMENSION in modern house- 
keeping, remote and automatic space 
control in the kitchen, is the basic 
theme of an advanced research project 
developed by engineers of Whirlpool- 
Seeger Corp. Entitled the “RCA Whirl- 
pool Miracle Kitchen,” the prototype 
has been designed to demonstrate pos- 
sible electromechanical kitchen innova- 


WHAT TYPE OF 


Syucre - Suap 
SPEED DETECTOR 
DO YOU NEED? 


TYPE |—For governing over a narrow speed 
range such as necessary on computing equip- 
ment, series wound motors, generators, etc. 
TYPE 11 — For detecting overspeeds and under- 
speeds over wide range simultaneously and au- 
tomatically, to do such jobs as cutting out motor 
starting windings, protect furnaces, electronic 
| circuitry and other equip- 
| ment against cooling equip- 
| ment failure, control inter- 
related equipment like 
guided missiles, and 
_ sequencing automated sys- 
' tems through speed detec- 
tion of separate compo- 
nents. 


TYPE Ili—For detecting a 
_ single speed (must be me- 
- chanically reset). Designed 
as a safety device for sig- 
nalling or disrupting the 
circuit in event of unsafe 
operating conditions on 
turbines, cranes and sim- 
| ilar equipment. 
| TYPE IV—Separately pack- 
| aged for external mount- 
ing. Can contain two or 
| more switches of the same 
or different types to ac- 
complish multiple pur- 
poses. 


SYNCRO-SNAP is a compact 

centrifugal switch operat- 

ing on a fundamentally 

new frictionless principle. 

, Switches are available in 

three basic types or 

combinations for in- 

tegral assembly or 

separate mounting. 

Matching switching 

| elements are fur- 

| nished in open, 

_—— __. dosed or combina- 

tion types for any circuitry requirements. 

Switches are furnished in 4 standard sizes with 

special sizes available on order. SYNCRO-SNAP 

units possess an accurately predictable life well 

in excess of 1,000,000 cycles and provide ro- 

tating equipment with a dependable means of 
control or protection. 

FIND OUT TODAY HOW SYNCRO-SNAP CAN SOLVE 

YOUR SPEED DETECTION PROBLEMS. 


ENGINEERED PRODUCTS CO. 
34 W. Monroe St. « Bedford, Ohio 
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SPECIAL 


rotary rectifier for speed control 


This is a unique, commutating device, specially built by ESCO, 
to provide a signal used for accurate, wide-range speed control 
for a variable frequency alternator. 


It’s a rectifier because it supplies a DC speed control current from 
an AC alternator output. Special windings in the alternator 
impress a “revolving voltage” on a fixed commutator within the 
device. Rotating brushes collect this voltage, in proper synchroni- 
zation, to deliver a DC output through two slip rings. This 
output is exactly proportional to the air gap flux of the alternator 
and is used to control the drive motor speed. This particular 
method was chosen for its exceptionally smooth, accurate control 
over a wide speed range from well below 100 rpm to above 4,000. 
This is typical of ESCO’s unusual ability to design special rotary 
equipment to meet customer needs. Whether or not your problem 
is this special, remember ESCO’s forty years of broad experience 
is always available to you. No motor or generator problem is 
too big or small, too routine or specialized for ESCO engineers 
and craftsmen. 

Refer to Esco Catalog in section 4a/EL in Sweet’s Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem . . . we'll be glad 

to show you how we Would go about solving it for you. 


ELECTRIC (SPECIALTY CO. 


171 South Street, Stamford, Conn. 
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PROVEN ENGINEERING FEATURES 
AND OUTSTANDING WORKMANSHIP! 


See ae 


“TELEVER SWITCH’ # 


SERIES 16000 


Featuring 
Single-Hole 
Mounting 


@ Slotted bushing and spe- 
cial washer provide conven- 
ient non-turn device @ 2 & 3 
position types @ Conversion 
from non-locking to locking 
action made easily @ Con- 
tacts welded cross bar Pal- 
ladium — standard @ Fine 


silver (in various sizes) 
special order. 


ATTENTION! ENGINEERS AND BUYERS 


ELECTRONIC PARTS 


Conrad Hilton Hotel—Chicago—May 20-23, 


DISTRIBUTORS SHOW 
1957 


IMPORTANT— admission by pre-registration only. If you have not 
registered write us now for details. Hours 4 to 6 P.M. each day and all day 


VISIT OUR BOOTH 401 
Stocked by leading Radio Parts Jobbers 


Thursday. 


SAAS Aa 


1324 N. Halsted St., Chicago 22, Il. 


each 

inetallation 

cocte with 
FEDERAL 





Combination 
Motor 
Starters 


Finest Products Engineered 


FEDERAL PACIFIC ELECTRIC | 


COMPANY oS 
50 Paris Street, Newark 1, N. J. 


Write for catalog S-57A. 


Radio 


Teronto, 


Canadian Rep.: Atlas 


50 Wingeld Ave., 


Ceorp., 


Canada 


THERMAL MAGNETIC 
CIRCUIT BREAKER 
permits harmless 
temporary overloads; 
| trips instantly when 
overload becomes 
dangerous... offers 
quick-make, quick- 
§ break action, thermal 
tripping element and 
deionization arc 
quenchers. 


DISCONNECT SWITCH 
designed for cool op- 
eration, safety and 
long life. Features 
clear visibility, posi- 
tive circuit opening 
and silver plated curs 
rent carrying parts. 


NOW Federal Pacific does away with 
the need for separate motor controls 
and safety switches or circuit breakers! 
Now you can meet all your needs with 
One simple space-saving device... and 
save money while you do it! You install 
only one device—save valuable time— 
conserve precious space! Faster, easier 
installation more than offsets the 
slightly additional cost. 


Ltd. 





tions now in various stages of develop- 
ment. 

In an air-conditioned kitchen, illumi- 
nated by indirect lighting, a self-pro- 
pelled serving cart will detach itself 
from a dishwashing mechanism in the 
wall, move to a dining table, deliver 
complete table service or receive soiled 
dishes, then return to its nest in the 
wall to dispose of waste and do the 
dishes. The entire operation is by pre- 
designated control. 

The kitchen floor will be kept spotless 
by a mobile floor cleaner which func- 
tions automatically. Dispatched by re- 
mote control, the “mechanical maid” 
disappears into a base cabinet recess 
when the scrubbing job is done. There 
it recharges itself with detergent and 
water for the next cleaning operation. 

Both the mobile serving cart and the 
floor cleaner are propelled with electric 
motors powered from storage batteries. 
In their completed form, both units 
would be guided by “sniffing” wires 
under the floor covering that would 
mark out the desired path or paths for 
the vehicles. A each 
unit would cause it to steer right or 
left to follow the pattern being radi- 
ated from the wires. If desired, the 
paths can also be marked with trans- 
parent conducting paint on top of the 
floor surface. An auxiliary system, em- 
ploying capacitance feelers will prevent 
the unit from running into foreign ob- 
jects in the path. When the units are 
in their “nests” in the wall, the bat- 
teries will be automatically recharged. 


servo system in 


At the Wave of a Hand 


At the wave of a hand, a refrigerator 
moves from a wall cabinet to 
convenient reach-in level. A fruit and 
vegetable storage drawer glides out 
from a base cabinet, as does a similar 
freezer compartment. Hot or cold 
liquids may be dispensed from bulk 
storage compartments into a drinking 
glass on contact with an automatic tap. 
An inexhaustible supply of clear ice, 
in any size from large cubes to fine 
powder, is dispensed in the same man- 
ner. Located at appropriate work cen- 
ters throughout the kitchen, these re- 
frigerated compartments are frost-free. 
One central cooling unit serves all. 

Other operations which take place 
automically at the wave of a hand 
include food storage shelves that are 
lowered from wall cabinets to an 
accessible level above the countertop, 
a utensil storage drawer that glides 
open, a drop-down storage rack for 
drinking glasses, and a self-cleaning 
mixing unit which will drop from wall 
cabinet storage to counter and mix, 
blend, grind, or shred foods at selected 
speed and duration. Part of this unit 
is removable for use as a_ portable, 
self-powered mixer. 

The actuation of devices by a “wave 


down 
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The ordinary fasteners securing the worm wheel to the drum shaft in this automatic screw machine loosened, 
causing $120 worth of damage to parts. Labor for the repair job cost $100. The ordinary fasteners were replaced 
with self-locking UNBRAKOs, and there has been no trouble since. 


Vibration won't loosen 
self-locking UNBRAKO socket cap screws 


UNBRAKO socket screws with the Nylok* self-locking device 
eliminate fastener problems caused by vibration. 


Take the drive system in the automatic screw machine illus- 
trated above, for example. The screws originally used to 
secure the worm wheel to the drum shaft loosened, causing 
considerable damage, besides loss of production time. These 
have now been replaced with self-locking UNBRAKO socket 
head cap screws and the trouble has been eliminated. 


An UNBRAKO socket screw with the Nylok self-locking device 
is a single unit. Just screw it into any tapped hole. Seated or 
not, it locks positively wherever wrenching stops. Constant 
vibration or endless running of a machine won’t affect these 
self-locking UNBRAKOs. The screws will not work loose! 


Write today for your copy of Form 2193, which gives catalog 
and technical data on the complete line of UNBRAKO socket 
screws with the Nylok self-locking device. Or see your local 
industrial distributor. Unbrako Socket Screw Division, 
STANDARD PRESSED STEEL Co., Jenkintown 9, Pa. 


STANDARD PRESSED STEEL CO. 


a 
UNBRAKD socxer screw oivision 
————— 


HOW IT LOCKS. The tough, resilient Nylok locking pellet keys 
itself into the mating threads. It forces threads together and 
locks the screw securely —whether or not the screw is seated. *T.M. Reg. U.S. Pat. Off., The Nylok Corporation § JENKINTOWN PENNSYLVANIA 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 347 





Pee 
TWEE GORDEN COMPARY 
be 


eC SP ae ett rte! : CALIFORNIA 


Wherever 105°C grade vinyl insulation sleeving is called for, 
Resinite Super-Heat 125 not only fills the need but far 
exceeds specifications. This outstanding material has an 
effective operating range from — 42°C to 125°C. Even 

after prolonged immersion in oil, varnish or asphaltic pitch 
at high temperatures, it is highly resistant to abrasion 

and cut-through and retains its high dielectric strength. 

Yet, most sizes are priced the same as 

ordinary 105°C grade. 

Sizes .018” 1.D. through 2” 1.D. Black only. 


Approved for use in U.L. Listed devices. 


RESINITE HI-HEAT 105 


For applications where ordinary 105°C grade is adequate, or 
where a wide range of colors is required, specify Resinite Hi- 
Heat 105. 11 colors. All standard sizes. Approved for use in 
U.L. Listed devices. 

Write us your requirements and we'll submit samples and per- 
formance data on appropriate sleevings, tapes or lacing cords. 


Te BR 


THE BORDEN COMPANY Che 


$9, Santa Barbara, California 


SPECIALISTS IN VINYL SLEEVING AND TUBING FOR THE AIRCRAFT, ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELOS 








of a hand” is accomplished by a device 
that is sensitive to the electrical ca- 
pacitance of the hand. The unit con- 
sists of an oscillator that actuates a 
relay by passing a signal through a 
tuned circuit. The frequency of the 
oscillator is changed by the presence of 
the additional capacity of the hand, so 
that it is no longer “in tune” with 
the relay circuit and thereby causes 
the relay to change its position. 

Meal preparation is further simpli- 
fied by a wide range of self-cleaning, 
automatic cooking facilities. An elec- 
tronic oven descends to counter level 
for easy accessibility and rises again 
for ultra-fast cooking. A menu selec- 
tion control at the planning center will 
activate a completely automatic meal 
maker which moves selected prepared 
foods from cold storage to compart- 
ments for cooling, warming or cooking. 
In addition, there is an electronic grill 
for broiling meats and vegetables. 

A surface cooking range has a 
number of tiny disks which will re- 
lease energy on contact with a spe- 
cially designed utensil. The cooking- 
serving utensils are constructed so that 
the exterior remains cool while the 
food heats. A fan and electronic air 
purifier system draws grease, odor 
and moisture from the air through 
ventilating slots located behind each 
thermostatically controlled contact unit. 


All From One Spot 


The semi-circular range wraps around 
the back of a freestanding planning 
center which is the brain of the RCA 
Whirlpool Miracle Kitchen. On it are 
touch controls for audio and visual 
communication, food selection, recipe 
selection, the mobile dishwasher cart, 
the floor cleaner, and the automatic 
meal maker. A set of push buttons 
replaces the circular dial system (com- 
monly used on the telephone) for trans- 
mitting large quantities of information 
by a very simple means. By pressing 
simple code numbers or words, the 
housewife gains access to information 
on recipes, meal suggestions, auto- 
matic timing sequences, entertainment, 
etc., or can control many functions 
(audio and visual communication, cook- 
ing operations, lighting, select foods 
from inventory). To prevent § any 
possible disturbance from getting a 
“wrong number,” however, the floor 
cleaner and mobile serving cart are 
controlled by separate buttons. 


TV Monitor 


A rotating TV monitor, visible from 
any point in the room, shows at a 
glance activity at the front door, nurs- 
ery, game room or any other location 
about the house. 

Operated from the control center, 
mood lighting ranges from utilitarian 
white to cool blue to warm pink 
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What are your Rollpin requirements... 


Corrosion-resistant steel, beryllium copper, or car- 
bon steel? An “available” fastener with better than 
90% of the catalogued size and length combinations 
obtainable from stock? A fastener with consistent 
dimensional quality control and fully dependable 
strength and vibration performance? A fastener 
that costs less than most of the pin type fasteners it 
replaces ... and cuts assembly costs too? 

Slotted, chamfered, cylindrical Rollpin spring-pins meet 
these requirements and many others. Available Rollpin 


inventory stands at tens of millions of pieces. Rollpin 


~ a clevis 
pin 


replace tapered pins a set screw 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


performance is consistently high because uniform shear 
strength, dimensions and hardness are guaranteed by high 
ESNA quality control standards. Investigate installed Roll- 
pin costs as compared to grooved-type pins, taper pins. 
precision dowels and many types of rivets. 

Standard Rollpins are made from carbon steel and Type 
420 corrosion-resistant steel in stock sizes from .062” di- 
ameter to .500”. Cadmium, zinc or phosphate finishes may 
be specified. They're also available in beryllium copper for 
applications requiring exceptional resistance to corrosion, 
and anti-magnetic and non-sparking properties—in diam- 
eters from .062” to .250”. 

Why not simplify and speed up your orders by sending 
for data on all the Rollpin sizes and materials today? 
Elastic Stop Nut Corporation of America, Dept. R46-522, 


2330 Vauxhall Road, Union, New Jersey. 


a, CORPORATION OF AMERICA 





Whats New 


PI-CAPS 
HIGH VOLTAGE... 
LOW TOLERANCES 


PAS type PI-CAPS are very desirable 
for high voltage use because of high 
capacity per volume at high voltage. 
Heavy wall Pyrex glass serves as in- 
sulator, saving space in a very light 
weight and compact high voltage 
capacitor. Ideal for AUDIO COUPLING, 
ARC SUPPRESSION, POWER SUPPLIES, 
AUDIO BYPASS, ENERGY STORAGE, 
TV CIRCUITS, COMPUTERS, GEIGER 
COUNTERS, etc. 


CAM type in standard Type 70 cans. 
Small size for high voltage applica- 
tions. Combines high volts per mil 
rating and a high dielectric constant. 


Call on us for all your film 
capacitor requirements. 


POLYETHYLENE, ACETATE, 
POLYSTYRENE, and MYLAR® 
capacitors. 


Write Dept. A 


CHICAGO 
CONDENSER 


CORPORATION 


3255 WEST ARMITAGE AVENUE 
CHICAGO 47, ILLINOIS 


KING-MOON COMPANY M CLIFFORD AGRESS 
15044 VENTURA BLVD 891 FULTON STREET 
SHERMAN OAKS, CALIF VALLEY STREAM, N.Y 


Z. S. MEYERS, 4538 MAIN ST, KANSAS CITY 11, MO 
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providing the psychological benefit of 
cool lighting on a hot, humid day or 
warm lighting in cold, rainy weather. 
Light is diffused by an arched ceiling 
and soffits of translucent vinyl. 

Elevator sinks are adjusted to the 
height of the user. Temperature and 
flow of water are controlled by push- 
buttons. When not in use, the two 
sinks may be concealed under movable 
counter-top panels. 

With the cooperation of the Radio 
Corporation of America, the Miracle 
Kitchen was designed and developed 
by Whirlpool-Seeger Corp., St. Joseph, 
Mich., manufacturer of RCA Whirlpool 
home appliances. Oo0O 


Future Engineer Will Have 
Staff of Technician Aides 


THE ENGINEER OF THE NEAR FUTURE 
will be better trained and have a staff 
of specialists to help him with tech- 
nical details of his job, much as a doc- 
tor in a hospital, J. F. Downie Smith, 
Dean of Engineering, Iowa State Col- 
lege, predicted at the AIEE Great 
Lakes District Meeting held in Des 
Moines, Iowa, in April. 

The doctor gets support from nurses, 
technicians, anaesthetists, etc., but is 
himself responsible for diagnoses, op- 
erations and other medical problems. 
Similarly, the engineer of the not too 
distant future will be supported by 
technicians in several fields, such as 
draftsmen to do drafting, and calcula- 
tors to do relatively straightforward cal- 
culations, Dean Smith said. Specialists 
will be on call, at least in the larger 
plants, on the many specialties neces- 
sary for the solution of the problem 
confronting him, but the professional 
engineer will be responsible for the 
successful completion of the problem. 

“In the small plants much of the 
specialized as well as the general en- 
gineering must be done by the one 
man— but he still could probably use 
technicians to help. The engineer is, in 
too many cases, spending his time on 
matters which could logically be done 
by technicians, if they were only 
available. 

“Tt has been customary practice for 
engineers when they reach a certain 
plateau in salary to be confronted 
with the problem of continuing at the 
same general salary level in strictly 
engineering work, or to branch forth 
into management in order to advance 
financially. There is a serious question 
whether this is, or is not, a waste of 
engineering talent. It seems that the 


Reader 
Inquiry 


Service 


See insert 
preceding back cover. 


e A regular feature in each issue, 
the Reader Inquiry Service in- 
cludes postpaid return cards for 
qualified readers to use to obtain 
without charge. 


. Additional information from the 
manufacturer on any product 
or service described in New 
Components and Materials de- 
partment in the current issue. 


. Copies of manufacturers’ pub- 
lications reviewed in Literature 
for the Design Engineer in each 
issue. 


. Single copies of reprints of 
selected feature articles cur- 
rently listed in Editorial Re- 
prints section. 


. Further data from the source 
on any product described in 
Advertisements in the issue. 


Each item reviewed in the issue 
is assigned a key number which 
is repeated in the Reader Inquiry 
Service post cards. Circle the 
numbers on the return card for 
the items selected, fill in the card 
completely and mail. Reader in- 
formation must be legible and 
complete, and cards must be mail- 
ed within 60 days after publica- 
tion to secure this free service. 

All reprint titles currently avail- 
able without charge through the 
Reader Inquiry Service are listed 
in “Editorial Reprints” depart- 
ment on page 272 of this issue. 

Because of the expense involved 
in producing these feature article 
reprints, longer articles and book- 
lets including multiple reprints on 
related subjects are offered at a 
modest charge intended to cover 
printing, handling and postage. All 
orders must be accompanied by 
remittance, including 3 per cent 
sales tax for New York City de- 
liveries. 
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Production lines hum—transportation and distribution move 


fast to keep up with the pace of sales. 

ONE TOUCH OF GENIUS back in 1910 by a Janette engi- 
neer made it possible for all design engineers to have at all 
times the exact precise control of speed and power needed to 
give them the right speed — the right power — in one single 
machine — in a wide variety of models 


— in any horsepower 
from 1/150 to 7% 


in any needed mounting position. 

When your design includes Janette gear motors and speed 
reducers — the great factor of the right speed and the right 
power is achieved. Then you have the opportunity to design 
that ONE TOUCH OF GENIUS into your product which will 


lift that product above all competitors. 


REPRESENTATIVES AND DISTRIBUTORS 


NY 


ij 


hh 
: 
Ne 


he 


ni 
ae 


} NY 


ee 


ey 


Write for Janette Bulletin 5-105E-1. 
Get the complete Janette story. 


IN ALL PRINCIPAL CITIES 


ANPTTE eLectric MFG. co. 


MORTON GROVE, 


ILLINOTS 





RCA ELECTRONIC 


Accuracy with 
modern 
overload 


protection 


hdd eee 
MULTIMETER 
Lye re 


This highly accurate instrument is widely 
used in all phases of industry where meas- 
urement of AC and DC voltages and DC 
current and resistance are encountered. 


High sensitivity— 20,000 ohms per volt, 
AC and DC. 


One selector switch. 
Accurate rugged meter movement. 


Batteries replaceable without opening 
case. 


Easy vision case design. 


Particularly suitable for portable 
applications. 


For complete information on the above and 
other instruments in the RCA line, write to 
RCA, Dept. S-44, Building 15-1, Camden, N.J. 


*Price in U.S.A., f.0.b. Camden, N. J. Subject to change without notice. 


RADIO CORPORATION 
OF AMERICA 
COMMERCIAL ELECTRONIC PRODUCTS 


CAMDEN, N.J 


In Canada: RCA VICTOR Company Ltd., Montreal 


INSTRUMENTS 


SPECIFICATIONS 


SENSITIVITY: 
20,000 ohms per volt for 
both AC and DC. 


AC VOLTS: 
Seven ranges: 3, 10, 30, 
100, 300, 1000, 5000V. 


Accuracy: 

+2.5% FSD, 20 to 2,000 
cps; +4% for the 5000V 
range. 


DC VOLTS: 
Seven ranges: 3, 10, 30, 
100, 300, 1000, 5000V. 


Accuracy: 
+1.5% FSD, +3% for 
the 5000V range. 


DC CURRENT RANGES: 
50 wa, 1 ma, 10 ma, 100 
ma, 1 A, 10 A. 1.5% FSD 


accuracy. 


RESISTANCE 
MEASUREMENT: 

From 0 to 20 megohms in 
3 ranges. 


Instrument 
Engineering 
Representatives in 
Principal Cities 


| 





| 
| 
| 


| most 


| salary 


time has come when management 
ought to recognize the advantage of 
keeping some outstanding engineering 
talent in engineering, and pay him a 
comparable to what he might 
expect to get in administration, also 
giving him an appropriate title, such 
as senior engineer. In some companies 
today men trained in the business as- 
pects take the non-engineering 
work involved in new developments, 
leaving the engineer to do what he is 
qualihed to do, resulting in 
greater over-all efficiency and general 
satisfaction. 


over 


“If these views are correct, then the 
engineer of the future should be bet- 
ter trained technically than at present, 
largely by acquiring more basic knowl- 
edge of engineering, leaving the ap- 
plied until he goes through what would 
amount to an internship in industry. 
“At the completion of this intern- 
ship he should be qualified to practice 
his profession and be in charge of all 
of those necessary to support him in 
his work. At that time he should have 
acquired the breadth of view necessary 
for a professional man, and have been 
completely indoctrinated with the Ethics 
of the Profession, in a manner similar 
to the doctor. 

At the moment these principles can- 
not be put into effect because of the 


scarcity of supporting staff. In his 


| opinion this situation should be recti- 


fied at the earliest possible time, Dean 
Smith concluded. OOoOCc 


Pittsburgh School to Graduate 
1st Class of Engineering Aides 


THE 
Pittsburgh 
sional 


COLLEGE in 
initiated a 
secretarial 
two years ago, will graduate its first 
class of aides in June. 
The farsightedness of the founder of 
the college in having the proper per- 
spective for the presentation of such 
a course was commended by 
Williams of the Robertshaw Research 
Center, Pa., in an address in 
April before a local group in Greens- 
burg, Pa. He that the 
these professionally trained young men 
and women will enable the 
busy assign office and 
routine to administrative 
aides and devote his time to the plan- 


Business TRAINING 
which profes- 
engineering course 


engineering 


Andrew 
Irwin, 


noted use of 
young 
engineer to 
management 


ning and creation of the engineering 

facilities of today and tomorrow. 
According to Mr. Williams, the 

Business Training College students and 


| graduates receive complete instruction 
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FOR THE OF YOUR ELECTRICAL EQUIPMENT 
SILICON STEELS OF UNVARYING QUALITY 


Scientific control by the best technicians 
and by modern facilities endows Acme- 
Newport electrical steels with unfailing uni- 
formity of quality. In melting, rolling, an- 
nealing, finishing, this mill today surpasses 
even its own creditable accomplishments in 
forty years of producing sheets for lami- 
nated cores. Dependable gage and clean 
punching characteristics for smooth easy 
assembly offer obvious advantages both in 
quality and labor costs. Location on the 
Mississippi-Ohio River system and the great 
Cincinnati rail-truck hub provides conven- 
ient, economical delivery. Discuss your re- 


quirements with Acme-Newport. 


-~ 
COMPANY 


NEWPORT, KENTUCKY 


A SUBSIDIARY OF COMPANY 





Now Available! 


MULTIPLE REPRINT... 


Human 
Engineering 
In 
Equipment 


Design 


This 94 page handbook contains previously published ELECTRICAL MANU- 
FACTURING articles on theory, techniques and practice of human engineering 
written for the special needs of the designer of electrically energized machines, 
equipment, appliances and instruments. Relationship between human engineering 
and broad aspects of reliability and maintenance are discussed. Certain articles 
emphasize design case histories and analyses of specific design parameters, in- 
cluding problems in military equipment, control systems, data processing systems, 
special-purpose instrumentations, and training devices. Methods for setting up 
human engineering groups within an engineering organization are given. Tables 
of human engineering “do’s and don'ts” and other practical design aids are 
provided. Contents include: 


Introduction to Human Engineering in Product Design 
Human Engineering in Control Systems 

Designing for Operator Size and Shape 

Human Engineering in Civilian Products 


Human-Engineered Electromechanical Tactual Sensory Control 
System 


Human-Engineered Design for Reliability and Maintenance 
Human Factors in Automaticity (an Editorial) 

Human Engineering in Equipment Design 

Your Product: How Light? How Small? How Compact? 
Design of Graphic Control Panels 


Price per copy $2.50. Orders, with remittance attached, should be sent to: 


Reader Service Department, The Gage Publishing Company 
1250 Sixth Avenue, New York 20, N. Y. 


(Special price on bulk orders.) 





in the full secretarial skills, with ad- 
vanced teaching of physical science and 
chemistry, in the use of visual aids, 
slide rule and drafting. Graduates are 
certified for employment in many 
fields of engineering, including mechan- 
ical, electrical, metallurgical, aero- 
nautical and industrial. 

Mr. Williams went on to say: “With 
the great shortage of engineers and 
the ever increasing responsibility of 
the professional man in the world of 
tomorrow, it behooves the engineer to 
devote his time and effort to accom- 
plishment rather than becoming further 
involved in the detailed mechanics of 
office operation.” 

The engineering profession is just be- 
ginning to reap the benefits of the En- 
gineering Secretarial Training which 
has been offered to qualified students. 
Graduation this year will see the 
first of the new crop go forth equipped 
with skills and techniques never be- 
fore offered the engineering profession. 
And they should be renumerated hand- 
somely too, Mr. Williams added. 
With the two years training they have 
received at their own expenses, the 
profession stands to gain administrative 
aids who are far superior to the run- 
of-the-mill office worker. oo: 2 


Rulings on Contracts Against 
Competitive Employment 


EssENTIAL TO THE VALIDITY of any 
employment contract providing against 
subsequent employment by a competi- 
tor is a middle-of-the-road policy of 
reasonableness, of restrictions sufficient 
to protect the good will of the employer 
and his business against exploitation 
by competitors, but not such restraint 
that it would take from the employee 
his right to work and to earn a living. 

Reflected in the present day require- 
ments for the validity of these contracts 
is the experience from five centuries of 
litigation and lawsuits. Skill in a 
trade was once a vital factor in the 
economic opportunity of the workman. 
Under the old guild system a man 
could work in no trade but the one 
in which he had been apprenticed. 
Barred by an employment contract from 
accepting work with a competitor, his 
chance of employment was at best a 
feeble hope. 

When four and a half centuries ago 
an application came before an English 
judge to prohibit a dyer, who had made 
a contract of this character with his 
employer, from employment with a 
competitor, the judge emphatically 
declared the contract void, with “By 
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HIS is one of the most versatile timer switches that 

Mallory specialists have designed. Originally con- 
ceived as a short-cycle timer for automatic vending 
machines, it is now available in many modifications 
that fit the needs of short to long cycles in numerous 
low to medium power uses—in appliances, and scores 
of other products powered by fractional horse- 
power motors. 


PRECISION TIMING. The combination of a constant 
speed permanent magnet motor and contact action 
by sharp cam rise gives highly accurate timing. 


On a 7\%-second cycle, for instance, accuracy of 
+20 milliseconds is guaranteed. 


MOTOR RESET eliminates uncertainty and inflexibility 
of mechanical spring flyback at end of cycle. 


MANY VARIATIONS of the basic design are readily 
available at economical cost. Numerous circuits can 
be handled. For example, one version of the timer 


Serving Industry with These Products: 


Electromechanical—Resistors * Switches * Tuning Devices * Vibrators 


Electrochemical — Capacitors « 
Metallurgical — Contacts « 


Rectifiers « 
Metals « 


Mercury 


Special Welding 
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Batteries 
Materials 


This versatile switch provides 
precise control of numerous 
low to medium power circuits, 
on cycles ranging from 1 second 
to several hours or longer. 


Precision switching on long or short cycles... 


with Versatile New Mallory Timer 


Pe) ated 8 Aa 








; 















controls five circuits, one of which is motor reset . . . 
or 6 circuits if the full potential accuracy of the timer 
is not required. The precision-timed portion of the 
cycle can be made adjustable by a variable cam. 
Tooling is also available for direct adjustment of 
this part of the cycle, by means of a screwdriver 
vernier accessible through the end plate of the hous- 
ing. Total cycle time can be anywhere from 1 second 
to several hours or more. 


HIGH DEPENDABILITY. There are few moving parts. 
Silver contacts, Underwriters’ Laboratories approved, 
have long life beryllium copper springs. 


Standard a-c ratings are 10 amperes, 125 volts and 
5 amperes, 250 volts. Other ratings are possible. 


For complete data, and for a consultation by Mallory 
specialists in timer switch applications, write or 
call us today. 








P.R.MALLORY & CO. Inc. | 


P. R. MALLORY & CO., Inc. 


Expect more...Get more from 


, INDIANAPQLIS 6, INDIANA 
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MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed contro! in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


ewogpeed DIV. of ELECTRO DEVICES, Inc 
4 Godwin Ave Paterson. N. J 





“A dependable source . . 


for Porcelain, Steatite, 


Over 32 years of uninterrupted 
plant operation has established our 
reputation for dependable service and 
‘kept’ delivery promises. 


When you need ceramic parts of 
great accuracy and toughness — 
turn to Wisconsin Porcelain Co. 
The line includes: 


PORCELAIN — Pieces are of consistent 
high quality — furnished with 
very white finish, or glazed in 
various colors. 


STEATITE — Meets your needs where 
low electrical loss, ability to 
withstand electrical shock or low 
water absorption are require- 
ments. 


REFRACTORY — Especially suited to 
applications where great temper- 
ature variation is a factor. 


FULTER — Designed to accurately 
filter and control flow of liquids. 


TELL US YOUR REQUIREMENTS — Our 
ceramic engineers will work with 
you in selecting or designing the 
part best suited to your applica- 
tion. 


Serving the Electrical and Electroni¢ 
Industries since 1919. 


WISCONSIN PORCELAIN CO. 
122 Lincoln St. 
Sun Prairie, Wisconsin 








God, if the employer were here he 
should go to prison until he paid a 
fine to the king.” 

However, with the advent of social, 
economic and industrial changes the 
law itself has been modified, until 
today a covenant restricting an em- 
ployee upon the termination of his 
employment, from either competing 
with his former employer or accept- 
ing employment with a cempetitor, 
is counted valid provided it is reason- 
able both to the employer and to the 
employee. 

“In determining what is reasonable,” 
said an Ohio court in a recent decision 
involving such an agreement, “the 
goddess of justice that hovers over the 
American court house with scale in 
hand, has a delicate job of weighing, 
and it is a three—not a two—pan 
scale, for she must balance the con- 
flicting interests of employer, employee 
and public.” 


Three Questions Propounded 


To this the court added, “More elab- 
orately, three questions are usually 
propounded, (1) is the restraint reas- 
onable in the sense that it is no 
greater than necessary to protect the 
employer in some legitimate interest, 
(2) is it reasonab] in the sense that 
it is not unduly harsh and oppressive 
on the employee, and (3) is it reason- 
able in the sense that it is not inju- 
rious to the public?” 

Employment contracts of approxi- 
mately 8,000 workers of a manufac- 
turer of electrical capacitors contained 
the stipulation by the employee: 

“He further agrees that he will not 
at any time during said employment 
disclose to anyone information that he 
may acquire during said employment, 
relating to any of the processes, for- 
mulae, plans, circuit devices or meth- 
ods, developed, acquired, manufactured 
or practiced at any time by said cor- 
poration in its business, and he will 
not use any of said processes, formulae, 
plans, circuits, devices or methods or 
his knowledge of the same except in 
the course of his employment by the 
corporation.” 

Under this contact the employee did 
not surrender his right to accept em- 
ployment with a competitor, but what 
he was called upon to promise had 
substantially the same effect, in that 
it deprived him of the use of any 
knowledge or skills he might have had 
in his particular line of business. 

Later an electrical manufacturer who 
had engaged one of these workers 
after the termination of his employ- 
ment with the employer with whom 
he had made this agreement, sued to 
prevent the enforcement of the stipu- 
lation. In its decision denying the for- 
mer employer the rights he claimed 
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If you’re miniaturizing ... you'll save space, time and 
money with Allen Minicaps and Minisets (#0 thru #3 dia.) 


These miniature Allen Hex Socket Cap 
and Set Screws will let you scale down 
your product sizes even farther. 
They’re made from Allenoy special 
alloy steel—so strong that you can 
safely specify fewer screws or smaller 
sizes. 


Allen Minicaps and Minisets are tiny, 
but very tough! —true Allens, with 
deep, clean, strong sockets and uni- 
form Class 3A threads. Minicaps have 
the Allen knurled “Grip-Head” and 
are trimmed both on top and under 
the head, for tighter fit and better ap- 
pearance. Minisets have the improved 


small-cup Allenpoint that drives 
deeper and holds tighter. 

Because sockets are uniformly true 
hexagon shape, the key or driver fits 
tight — makes starting much easier, 
saves a lot of time in assembly. 
Diameters of these miniatures run 
from #0 through #3. Minicap lengths 
run from ¥” through 2”, and Miniset 
lengths from 6” through %”, Also 
standard in stainless steel. Your In- 
dustrial Distributor has them now. 
He'll show you why these Allens — 
like all Allens — hold tighter and last 
longer. Or write for information and 
samples. 


Stocked and sold by leading industrial distributors everywhere 


ALLEN 
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Use Minicaps and Minisets 
wherever you need depend- 
able fastening in very small 
assemblies: 


TV, radio and telephone equip- 
ment @ Guided missiles, rockets 
e Panel meters e Electro-me- 
chanical devices and servo-sys- 
tems ¢ Computers @ Control and 
operating mechanisms for relays 
@ Cameras e Instruments 


MANUFACTURING COMPANY 
Hartford 2, Connecticut, U.S.A. 





ath) PLASTIC MOLDING 


to critical engineering specifications 


American Insulator specializes in 


molding precision plastic parts 


that reduce final assembling and finishing costs for manufacturers. 


Since 1916, Aico molded plastics 


have helped many of America’s 


leading industries attain product improvement, quality refinement 


and reduction of manufacturing 
plastics are easily adapted to new 


costs. Aico precision molded 
or existing designs, and can be 


molded to the most critical tolerances. Aico offers you 3 valuable 
guides that let you decide, in the privacy of your own office, if you 
should convert your product to plastics. They're free . . . send 


coupon for your copy today. 


Can Aico Molded Plastics Help You? 


Send for these free guides . 


AICO PLASTICS APPLICATOR... 
tells at a glance which plastic is best 
suited for your product, and how it 
should be molded. 

AICO FACILITIES BOOK .. . describes 
equipment needed to provide a com- 
plete molding service. A valuable guide 


AMERICAN INSULATOR 


CORPOR 


A complete plastics molding 
service including engineer- 
ing, mold building, com- 
pression, transfer, injection 
ond cold molding plus the 
molding of reinforced 
fiberglas. 


COMPANY 
ADDRESS 


. . then, YOU decide. 


to selecting a single, fully-equipped 
molder. Tells how to avoid annoyance 
and waste of split responsibilities. 
REINFORCED PLASTICS BOOK... 
tells all about these amazing new ma- 
terials that are strong as steel—light 
as aluminum. 


ATION 


NEW — PENNSYLVANIA 


nd me the Aico literature checked. [(] Aico Plastics Applicator 
C) Reinforced Plastics Book 


(C0 Aico Facilities Book. 





under these provisions of that agree- 
ment the Federal court said in its 
characterization of such contracts: 

“The agreement contains many of 
the devices condemned by courts in 
similar situations. First, the prohibi- 
tion continues for the lives of the em- 
ployees. Then, there is no limitation 
on the kind of knowledge acquired 
while in this employment. There is no 
distinction between information that 
was old and well known, whether it 
was described in patents owned by 
others than the employer or whether 
it appertains to material appearing in 
technical publications.” 

With these and other similar obser- 
vations the court continued: “The 
agreement given this construction puts 
a restraint on the employee’s right to 
labor or exercise their skill, greater 
than is necessary for the fair protec- 
tion of the employer and therefore 
such agreement is unenforceable by 
injunction.” 


Contract Voided 


To this ruling the Federal court 
added the statement made in an earlier 
decision by a New Jersey court. “The 
law is settled that a contract in re- 
straint of labor which seeks to prevent 
one of the contracting parties from 
exercising his skill or labor generally, 
without limitation as to place or time, 
or which attempts to put a restraint 
upon his right to labor or to exercise 
his skill greater than is necessary for 
the fair protection of the other party 
to the contract, is void.” 

In an agreement of this character 
brought before the New York Court 
of Appeals in a suit for an injunction 
for its enforcement, it had been stip- 
ulated by the employee, “That he will 
not at any time engage in any busi- 
ness similar to or conflicting with the 
business,” of the employer, “within the 
territory of the United States east of 
the Mississippi River or in the Do- 
minion of Canada, without first secur- 
ing the written consent of the 
employer.” 

In its denial of the employer’s right 
to the sought for injunction the court 
said: “An employee will not be per- 
petually restrained from working for 
another except to prevent a breach of 
confidence as well as breach of con- 
tract. The surrender for an unlimited 
time of the right to use the skill, knowl- 
edge and workmanship an employee 
brings to the service of his employer 
as a condition of such employment has 
never been enforced by injunction.” 

Characterized by an Ohio court as 
“the finest statement of the law on 
this particular subject,” it was said 
by a famous legal authority, “In most 
such cases the employee gives little 
thought to the restriction because he 
is intent on getting a job and is will- 
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TOP QUALITY 
MINIATURES CANNON PLUGS 


ri _ D Series 
5 le =e 


MIL-SPEC 


ss = 
Rae: DA 
ol yy Tat Ts ie Series Sag + ADL 


Cannon miniatures and subh- 
URTOD ral tage designed for 
ampli fie See islet tai has Tae R tar 
Ors, computer circuits, tele. 
metering ¢ RES thems stra 
pre-amps, and cenera] Teste 
ITS L este leys ata pee space is lim- 
ited and « urrent requirements 
are venerally not over 5 am- 
Peres. Variety of shel] styles, 
junction shell, and jing rt. ar- 
rangements. 3 to 50 el et ete ae 
aur eter be Fe ie 


UNIT PLUG-IN 


DPB Series S 


TOOUUUNNOOUU UL RTC Series 
for RACK /PANEL/CHASSiIsS 


Permit quick disconnect, in- 
terchange, replacement, test- 
ing and inspection of assem- 
blies and sub-assemblies. For 
transmitters, TV cameras, con- 
trol equipment, radar, ete. 
Rack-and-panel, integral 
clamp, shell-less types, bail- 
and-gear disconnects, center- 
screw extraction, 10 to 156 con- 
tacts including high voltage. 


Printed circuit connectors in 5 sizes, 10 
to 44 gold-plated contacts, Zytel shells. 


PLEASE REFER TO DEPT. 500 


CAININONIPLUUGS' 


i St., Los Angeles 31 Calif. 

ion Electric Co., 3208 Humboldt St., . 
oe! in Los Angeles; East Haven; Toronto, Can.; ten an : 
Melbourne, Australia. Licensees in Paris, France; Tokyo, 
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MIGHTY MITE 


MOTOR PROTECTORS 


Regardless of the design of your 
motor stator, there is a Mighty 
Mite that will provide continuous 
and automatic protection against 
overload. 

In operation, the Mighty Mite 
automatically breaks the circuit 
whenever the motor exceeds a 
predetermined safe operating 
temperature. When temperature 
returns to normal, the Mighty 
Mite automatically reconnects 
the circuit. 

The Mighty Mite motor protector 
is accurately pre-calibrated to 
break the circuit at any required 
temperature up to 200°C. There 
is no further adjustment or han- 
dling necessary prior to actual 
installation in the stator. In addi- 
tion, Mighty Mite protectors are 
packaged, “ready-to-use” in pro- 
duction line assembly. 

Mighty Mite motor protectors are 
available as small as 34” long x 
540’ wide for motors rated up to 
Vy h.p. 115/230 volts. Regard- 
less of stator design, you can 
protect your motor with a de- 
pendable, fully automatic Mighty 
Mite motor protector. 


WRITE TODAY FOR SAMPLES... 
ENGINEERING AID AVAILABLE 


7 Pita ti ts 
a Na 


MECHANICAL INDUSTRIES PRODUCTION CO. 





ing to make the required promises in 
order to get it. ... The employer too 
is engaged in the struggle for pros- 
perity and must bend every effort to 
gain and to retain the good will of 
his customers. It is the function of 
the law to maintain a reasonable bal- 
ance, and this requires us to recognize 
that there is such a thing as unfair 
competition by an ex-employee as well 
as unreasonable oppression by an em- 
ployer. The courts have tried to main- 
tain this reasonable balance.” O O O 
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Engineers Urge More 
Effective Use of Engineers 


AMERICAN INDUSTRY MAY HAVE TO RE- 
VISE its battle plans in the fight to re- 
lieve the current shortage of engineer- 
ing talent. This is one conclusion drawn 
from the results of a survey published 
recently by The American Society ot 
Mechanical Engineers. 

The survey, conducted at the annual 
meeting of ASME in New York last 
November and recently tabulated, in- 
dicates that the majority of the engi- 
neers who answered think that industry 
should put more emphasis on increas- 
ing the productivity of engineers al- 
ready employed. This would be in ad- 
dition to continuing efforts to increase 
the number of students graduated by 
engineering colleges each year. 

In response to the question, “What 
measures do you think should be taken 
to end the shortage of engineering 
manpower?” 65 per cent of the an- 
swers suggested changes in current in- 
dustrial practices. 

In the order of frequency these steps 
dealt with: 

1. Providing engineers employed in 
industry with more technical assistants 
and clerical help, thereby freeing pro- 
fessional men for more creative work. 
(31%) 

2. Increasing salaries to make the 
profession more attractive to youngsters 
and to qualified engineers who have 
been lured to other fields by higher pay. 
(21%) 

3. Improving the recognition and 
prestige accorded to engineers for their 
contributions to the economy. (12.5%) 

Tabulations were based on a total of 
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SLOT INSULATION ADHESIVE COPPER FOIL SILICONE TAPE 


EPOXY RESINS 2 IN 1 ELECTRICAL TAPE . TEFLON TAPE 


whatever the job... 


ELECTRICAL PRODUCTS 


gs 


aay ase a ort) e ‘oducts ; Permacel Tape Corporation, New Brunswick, N. J. + a Gofimr0on «Gofmren company 
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CHOOSE FROM 


TYPES OF FIBREBOARD 
INSULATION 


PRESSITE 
For Air... Oil... 
Askarel Transformers 


An absorbent, unsized 
board of 100% virgin kraft 
stock free of metallic par- 
ticles. Excellent dielectric, 
physical and chemical 
properties. Available in 
natural kraft color. 


a ELECTRITE 


Harder Board for 
Variety of Punchings 


DENSITE 
Extremely 
Hard Board 


Also treated with rosin 
size. Used by many man- 
ufacturers to replace 
more costly types of insu- 
lation. Natural kraft color. 


100% VIRGIN 

KRAFT STOCK GIVES 
HIGH DIELECTRIC 
QUALITY 


‘These three grades of West Virginia 
Fibreboard are available in a range 
of thicknesses (.031" to .250" for 
PRESSITE and ELECTRITE, .031" 
to .125" for DENSITE). For more 
information, write to: 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department, y 
230 Park Avenue, 
New York 17, N. Y. 
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880 men who said that they hold a 
degree in engineering. 

Commenting on the survey, Dr. Wil- 
liam F. Ryan, president of ASME said, 
“It is apparent to me, from these results, 


that many efforts remain to be made | 


by American industry before we can 
say we are doing all we can. The idea 
that engineers need more sub-profes- 
sional assistance is a recurring one. So 
is the suggestion of higher salaries, 
despite the fact that starting incomes, 


at least, are at an all-time high for the | 


profession. In my own opinion the most 
urgent salary problem is the 
pensation of teachers in engineering 


schools. Without competent teachers we | 


shall have no engineers.” 

“Most fundamental perhaps, is the 
well-founded feeling that engineers and 
their contributions to our economy are 
not sufficiently appreciated. We live in 
the Age of Technology—the Age of the 
Engineer—but very few people know 
of the immense achievements of this 
professional group.” 

“It is probably fair to say that the 
bulk of industry’s efforts resulting from 
this shortage have been aimed at re- 
cruiting more engineers for their own 
companies and in long-range efforts to 
encourage more men to enter the pro- 
fession,” Dr. Ryan continued. “Now it 
appears that we could use more ef- 
ficiency in utilization of engineering 
talent right in our own engineering 
departments.” 

Fifteen per cent of the respondents 
suggested that the shortage could be 
alleviated by encouraging youngsters 
to enter the profession. 

Additional questions on the survey 
dealt with the adequacy of high school 
and college education. 

About 80 per cent said that the high 
schools which they had attended did a 
“good” or “superior” job in preparing 
them for an engineering education. En- 
gineering colleges fared somewhat bet- 
ter, with 90 per cent saying their alma 
maters did a good or superior job in 
preparing them for the profession of 
engineering, 9 per cent saying fair and 
only 1 per cent saying poor. Oooo 


Silicon Carbide Varistors 


Now Vital Components 


H. F. Dienel 

Bell Telephone Laboratories 

New York, N.Y. 

THE “VARIABLE RESISTOR” or varistor has 
developed into one of the most useful 
devices available to designers of modern 


electronic apparatus. Problems of per- | 
formance, range and of reliability have | 


com- | 


[,ibson 


STEELBACK 


® HIGH CONDUCTIVITY Gibson steel- 
back electrical contacts are made 
by individually bonding each sil- 
ver facing to its steel backing. 
When steelback is welded to sup- 
port, the bond provides a highly 
conductive electrical and thermal 
path. 


PERMANENT BOND Excellent bond 
between silver and steel will not 
separate. No solder is in the bond. 
Certainty of flawless bond elimi- 
nates possibility of high-resistance 
joint between facing and backing. 


NO RUSTING Nickel plating on all 
surfaces of steel backing before at- 
taching silver facing assures free- 
dom from rust. 


ECONOMY Nickel or monel can be 
used in place of steel as backing 
material to prevent costly rusting 
if backing is damaged. For stand- 
ard-size steelback quotations, sub- 
mit material desired, dimensions 
(shown below) and ordering quan- 
tity. Special sizes also available. 


ELECTRICAL CONTACTS 


2 


Gipson Etectric COMPANY 


8349 Frankstown Ave., Pittsburgh 21, Pa. 
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| Valdes Truarc Retaining Rings Eliminate Machining 
nd Parts—Cut Assembly Time on Drill and Tapper 


ALTERNATE DESIGN TRUARC DESIGN 


Clamp Cylinder Rod Stop Assembly 


Truarc “E”’ Rings (Series 5133) replace stop nuts in the Clamp 
Cylinder assembly. They eliminate need for threading 2 rods 
...the danger of cross-threading nuts...and costly rejects. 
Truarc Rings cut assembly time and cost. 


| Beco Model 410 Drill and Tapper 


The Batchelder Engineering Co., Inc., Springfield, Vermont uses 
4 different sizes of 2 different type Waldes Truarc rings in 
their new BECO Model 410 Automatic Drill and Tapper. Truarc 
rings speed assembly, reduce machining, improve design. 


az 


AIR SASS 
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ALTERNATE DESIGN TRUARC DESIGN 


Hopper Cylinder Anchor Pin Assembly 


2 Truarc Rings (Series 5100) secure and position end of verti- 
cal air cylinder. Rings eliminate extra cost of machining 3- 
diameter pin, threading and undercutting... plus nut and 
washer. Assembly is quick and sure. 


Bell Crank Pivot Assembly 


Truare Rings (Series 5100) in Bell Crank Pivot assembly per- 
mit grease hole not possible with cotter pin fastener. Use of 
nuts would have increased machining and assembly costs 
considerably. 


Whatever you make, there’s a Waldes Truarc Re- 
taining Ring designed to improve your product... to 
save you material, machining and labor costs. They‘re 
quick and easy to assemble and disassemble, and they 
do a better job of holding parts together. Truarc rings 


different sizes within o type...5 metal specifications 
and 14 different finishes. Truarc rings are available from 
90 stocking points throughout the U. S. A. and Canada. 


More than 30 engineering-minded factory repre- 


sentatives and 700 field men are available to you on 
call. Send us your blueprints today...let our Truarc 
engineers help you solve design, assembly and pro- 
duction problems... without obligation. 


are precision engineered and precision made, quality 
controlled from raw material to finished ring. 


36 functionally different types...as many as 97 


For precision internal grooving and undercutting ...Waldes Truarc Grooving Tool! 


WALDES 


RETAINING RINGS 


WALDES KOHINOOR, INC. 
47-16 AUSTEL PLACE, L.1.C. 1, N. Y. 
WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 


2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081; 
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equal patent protection established in foreign countries. 


See the Truarc Exhibit at the Design Engineering Show, New York Coliseum, May 20th to May 23rd. Booth No. 1010. 
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Waldes Kohinoor, inc., 47-16 Austel Place, L.1.C.1,M.Y. _ 

Please send the new supplement No. 1 which ~ 

brings Truarc Catalog RR 9-52 up to date. 
(Please print) 


Name 
Title 
Company 


Business Address 
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FOR DEPENDABLE SERVICE 
ee ne 


THE BEST 
COMES FROM 


bos 


2s ear 


ie gore: 


ea ea 


Over 65 years of leadership in the 
wiring device field have taught the 
industry to look to Pass&Seymour for 
the Precision Manufacturing and Cre- 
ative Engineering that means 
stronger, longer-lasting, simpler-to- 
use wiring devices. 


PzS SUPER AC SWITCHES 


Pass & Seymour-engineered for ex- 
tra long life on HEAVY DUTY service. 
P & S Super Switches can be used at 
full rated capacity for tungsten fila- 
ment lamp loads, fluorescent installa- 
tions, and at 80% of the switch rating 
on motor loads. Rated 15 and 20 am- 
peres, 120 Volts A.C. to 277 Volts A.C. 


P&S TURNLOK’ LINE 


Heavily armored caps... sturdy, 
two piece bodies for longer life. Easy 
back or side wiring. Available in 10 
and 20 amperes—2, 3, and 4-wire 
types. Modern face design plainly in- 
dicates ampere ratings on all recep- 
tacles. 


Pa$ POLARIZED DEVICES 


Extra heavy bodies and extra 
heavy metal parts withstand hard- 
est wear for longer periods of time. 
All receptacles have extra design 
features to make installation easy 
and quick. Available in 10 and 20 am- 
peres—2, 3, and 4-wire connectors, 
receptacles and caps. 


Write Dept. EM-11 for full listings and 
descriptions of these and all other 
types or wiring devices in the com- 
plete quality Pass & Seymour line. For 
P&S quality—order by P&S number. 


been largely solved, and varistors can 
now be tailored to a great variety of 
circuit needs. Their use in large num- 
bers in 500-type telephone sets is one 
indication of the Bell System’s confi- 
dence in their long life and efficient 
operation. 

A silicon carbide varistor is best de- 
scribed as a “symmetrical variable re- 
sistor.” It is a “variable resistor” in the 
sense that is does not obey Ohm’s law. 
A silicon carbide varistor is a “sym- 
metrical” device in the sense that its 
current-voltage curve for one direction 
of current flow is the same as the 
curve for the opposite direction of flow. 
Such symmetrical varistors are used 
in d-c circuits as voltage limiters and 
in the a-c circuits as voltage regulators 
for oscillators and bridges. 

At very low currents, the varistor is 
ohmic. With increasing current, the 
characteristic becomes increasingly non- 
ohmic, then, at very high currents, the 
behavior becomes ohmic again. 

With increasing current the resistance 
decreases rapidly until a limiting low- 
resistance region is obtained. These 
limiting resistance values are of the 
order of megohms at the low currents 
and ohms at the high currents. 

A silicon carbide varistor disk is a 
compact of silicon carbide granules 
which range in size from about 0.001 
to 0.005 in. The telephone-set varistors 
are made with 0.005 in. granules. The 
granules are held rigidly together by a 
bond of vitrified clay. To provide ohmic 
electrical contacts, the plane surfaces 
of the disk are sprayed with copper 
or tin. Because there are void spaces 
among the granules, the disk is also 
impregnated against effects of moisture 
with a silicone fluid. The amount of clay 
is purposely kept below the volume of 
the void space to insure contact among 
the granules. 


Voltage-Current Characteristics 


The voltage-current characteristic of 
a single contact to a granule exhibits 
forward and reverse attributes. that is 
to say, easy and difficult directions of 
current flow. For contacts made to in- 
dividual granules, rectification ratios 
as high as about 1000 are observed at 
constant voltage, but a considerable 
variation is found among the granules. 
The number of granules in a disk may 
range from about a hundred thousand 
to millions, depending upon the ge- 
ometry of the disk and the size of 
granules. In the varistor disk, granules 
are randomly oriented in a complex 
series-parallel array, and the net result 
on the composite E-I curve is that 


the current is the same regardless of 
PASS & SEYMOUR, INC. 


the polarity of the applied voltage. 
SYRACUSE 9, NEW YORK I : oe oltage 


60 E. 42nd St., New York 17, N. Y. 1440 N. Pulaski Ré., Chicage 51, Ill Phat is, there is no rectification. 

a etic Blac & Site The voltage-current characteristic of 
the silicon carbide granules is deter- 
mined during manufacture. Within wide 


MAKE THE COMPLETE JOB COMPLETELY P&S 
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A NEW APPLICATION GUIDE 
by 


to help you select 
Electric 
Motors 


This handy Guide is carefully 
planned to make it easy for 
you to select electric motors for 
all popular applications. Using 
the convenient tables inside, 
you simply start with the equip- 
ment or machinery you want 
to drive. 


Then, you identify the character 

of the load, starting and running 
torques, frame type, speed, etc., to arrive at precisely the right 
motor for your specific application. In just a few moments you 
know the motor type you need, the dimensions and other per- 
tinent data. 


Because Century offers a complete line, this handy manual will 
guide you to the right motor for your application. Obtain your 
own copy of this 12-page reference manual. 

Visit Booth No. 922, Second Floor, Design Engineering Show 


CENTURY ELECTRIC COMPANY 
1806 Pine St., St. Louis 3, Mo. 


Please send me the new Century Application Guide CE-99. 


ose 


Zone State 


Performance-Rated © 
MOTORS 
1/20 to 400 HP 


saa 


1806 Pine Street © St. Louis 3, Mo. © Offices and Stock Points in Principal Cities 
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IS YOUR 
BEST SOURCE 


FOR 
SOLDERING LUGS 
TERMINALS 


PRINTED CIRCUIT 
HARDWARE 


HERE’S WHY: 


@ Specialized high production 
techniques afford lowest possible 
unit cost. 


® Precision tooling, rigid quality 
control assure tolerances to critical 
specifications. 


@ Ample stocks of over 1000 differ- 
ent parts permit prompt delivery. 


@ Malco specializes in a complete 
line of small stampings for Radio- 
TV, electrical/electronic and auto- 
motive industries. 


@ Our line includes terminals and 
printed circuit hardware in loose 
or in chain form for automatic 
insertion. 


Let Malco show you how you can save 
on production time and costs. Contact 
us today. 


Request handy ref- 

erence catalog con- 
taining specifications 
on standard and cus- 
tom-made lugs, termi- 
nals, coronarings, 
pins, contacts and 
similar stampings. 


TOOL and MANUFACTURING CO. 
402! W. Lake St., Chicage 24, ill. 


| 


| be controlled as 


limits, however, this characteristic may 
with other semicon- 
ductor materials. The material may be 
of the n-type, where conduction is by 
electrons, or of the p-type, where con- 
duction is by holes. At present, the 
silicon carbide used for varistors is of 
the p-type. 

The E-I curve of the final varistor can 
be controlled by manipulating its ge- 
ometry. More series granules increase 
the resistance, and more parallel gran- 
ules decrease the resistance. If the ge- 
ometry is fixed, an increase in the size 
of the granules results in a decrease in 
resistance despite the fewer parallel 
paths. With larger granules, it turns 
out, the series elements predominate. 
So one has available a simple and in 
part empirical means for shifting the 
E-I curve about. 

The making of silicon carbide varis- 
tors is closely allied to ceramic proc- 
esses. The first stage concerns the raw 
materials: carbide, carbon in 
the form of graphite, clay and water. 
The carbon content is one of the vari- 
ables used to control the varistor’s E-] 
curve—resistance decreases when the 
carbon content is increased. Carbon con- 
tent may be as high as about 10 per 
cent of the total dry weight. 

In the firing process the clay is vitri- 
fied into a hard stable matrix. The proc- 
ess also contributes significantly to the 
electrical properties of the varistor. 
Temperatures are in the 1100-1250 C re- 
gion and the furnace atmosphere con- 
sists of equal parts of highly purified 
hydrogen and nitrogen. O00 


silicon 


Abstracted from ‘*Bell Laboratories Record.”’ 
ber 1956. 
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Short-Pulse Brilliant Light 
Source Developed 


THE U. s. 
a revolutionary aircraft approach-light- 
ing system whose lightning-like flashes 
aid all-weather operation. The lighting 


AIR FORCE has commissioned 


installation developed by Sylvania 
Electric Products Inc. is designed es- 
pecially for high-performance aircraft 
with increased landing speeds. 

Brilliant fog-piercing lights form the 
heart of the Sylvania system known as 
Electronic Flash Approach System. 
High intensity center-line lights pro- 
vide early identification for incoming 
planes by flashing swiftly in sequence 
toward the runway from nearly 3000 
ft out. Beams of 30-million candlepower 
are emitted in sequence twice a second 
by each of 23 evenly spaced lights. 
The beam is non-blinding since it lasts 
just 1/5000 sec. 

Firing of the units is synchronized 


giass fabric 
ELECTRICAL TAPES 


TOUGHER 


Hesgon A & B tapes have an 

exclusive sizing that gives them 

extra durability to withstand the 

rough treatment of coil handling... 
and in addition 


Hesgon is stronger and easier to 
handle. Ask your distributor for 
complete information. 


Atlanta 18, Ga. — Electrical insulation Suppliers, 

Inc., 500 Means St., N.W. Jackson 5-2707 
Chicago 6, III. — Insulation Mfrs. Corp., 

565 West Washington Bivd. Central 6-7320 
Cleveland 14, Ohio — Insulation Mfrs. Corp., 

1231 Superior Ave., N.E. Superior 1-2310 
Columbus 16, Ohio — National Electric Coil Co. 

Hudson 8-1151 

Dalias, Texas — Summers Electric Company 

401 Continental Ave. Riverside 2-6231 
Dayton, Ohio — insulation Mfrs. Corp., 

120 West Second St. Mich. 4515 
Los Angeles 23, Cal. ~ Western Fibrous Glass Prod- 

ucts Co., 4423 Fruitland Ave. Ludiow 8-3211 


Milwaukee, Wisc. — Insulation Mfrs. Corp. 
312 E. Wisconsin Ave. Broadway 6-5359 


Newark 2, N. J. — Robert McKeown Co., 
6 Atlantic st. Mitchell 2-7600 


New York 7, N. Y. — Mitchell Rand Insulation Co., 

51 Murray St. Cortiand 7-9264 
Peabody, Mass. — Huse Liberty MicaCo., | 

Lynnfield St. Jefferson 1-7100 
Philadelphia 3, Pa.—Earl B. Beach Co., 

1609 Vine St. Rittenhouse 6-3333 
Pittsburgh, Pa.—Earl B. Beach Company, 

P.0. Box 8623 Churchill 2-0400 
Pittsburgh, Pa. — Insulation Mfrs. Corp 

Oliver Bidg. Grant 1-7100 


St. Louis 10, Mo. — White Supply Co., 
4343 Duncan Ave. Franklin 1-2616 


San Francisco, Cal. — Western Fibrous Glass Prod- 
ucts Co., 739 Bryant St. Sutter 1-5967 


Seattle 4, Wash.—Western Fibrous Glass Products 
Co., 1915 First Ave., S. Seneca 7250 


Horace Linton Division 


EsTGosnre 6 COLINC. 


1400 Broapway, New York 18, N. vee 


A MEMBER OF BURLINGTON INDUSTRIES 
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Why CLARK Type PM’RELAYS give you more 


contacts per square foot of panel space! 


Unique Features Produce Rugged Yet Compact Heavy-Duty Relay... 


SECTIONAL POLE CON- 
STRUCTION, A Clark exclu- 


sive ... With each pole in its 
individual melamine cham- 
ber, space between relays for 
electrical clearance is un- 


BUILT-IN WIRING SHELF , 

The melamine tops of the pole 
assemblies provide an insulat- 
ing shelf free of current-carry- 
ing parts. Wiring can be bun- 


dled or laid flat right on top 
of the relay, saving additional 
space between rows. When wir- 
ing troughs are desired, they 
can be placed much closer to 
the top of the relay. This fea- 
ture is another Clark exclusive. 


necessary. Front-mounted 
terminals eliminate need for 
extra side clearance. Sides of 
contact blocks are flush with 
edges of mounting plate. 


| 1 : 
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EIGHT-POLE SINGLE DECK 


.. Only Clark makes it pos- 
sible to have an eight-pole 
relay with single-deck wiring. 
At the same time, it uses 
every square inch of space on 
mounting plate, and lines up 
perfectly with Clark 2, 3, 4 
and 6-pole single deck relays. 


UNIFORM DIMENSIONS , , . Clark type“PM” relays ¥e'' MAGNET CLEARANCE ... 
are an integrated line designed so that they can That’s all the space needed to 
be mounted side by side in perfect alignment with remove magnet and change 
each other. In addition, the double-deck models coil. In overall panel construc- 
have identical mounting dimensions with Clark type tion and layout, this feature 
“CY”, size 1 starters. Result: Neater, more uniform saves space by reducing amount 
and more compact control panels. of space between rows. 


FREE TEMPLATES! 


FREE TEMPLATES! Write for kit of actual-size photo-templates 
of type “PM” relays mounted on heavy cardboard. A great time- 
saver in laying out control panels. Each template has detailed 
dimension drawing and pole arrangement on the back. 


lee CLARK € CONTROLLER Compare 


Everything Under Control 1146 East 152nd Street ° . Cleveland 10, Ohio 


IN CANADA: CANADIAN ek ae LIMITED e MAIN OFFICES AND PLANT, TORONTO 
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YOU GET 


Light, () 


PRECISION SWITCHES 


x 


BN 
S 


NEW MODEL CM Snap Action 


The big features of this new, small Acro 
precision switch are long life 

and light operating pressure—lighter 
than any other switch of its type. 
Having snap action parts of beryllium 
copper and contacts of fine silver, 

the CM offers extremely good 
repeatability and will deliver millions 
of actuations without failure. It 

can be ganged for multi-pole 
applications, will operate in a 
temperature range of 160°F., and is 
designed for use where positive control 
is required and slow actuation inherent. 


NEW MODEL CS Non-Snap Action 


Operation of the Acro CS switch is 
through rotary motion (either clockwise 
or counter-clockwise), with a 

spring bias provided for quick return. 
Available in normally open and 
normally closed models, this new switch 
also operates by very light pressure 

and will give extra long mechanical 

and electrical life. It’s designed for 

use where rapid actuation is inherent 
and contacts are protected against 
vibration or shock in the 

“at rest”’ position. 


Both the Acro CM and CS Switches are furnished with a choice of 


integral actuators to suit individual applications! 


literature and engineering 


data furnished 
without obligation! 


Oi io a sss 


CONTROLS COMPANY 
me. CONTROLS 


ACRO DIVISION 


Columbus 16, Ohio 


in Canada: Robertshaw-Fulton Controls (Canada) Ltd., Toronto 


so that each flashes in sequence twice 
per second. The effect is that of an ul- 
tra-brilliant ball of blue-white light 
streaking toward the runway at 3600 
miles per hour. Each EFAS unit con- 
sists of an xenon filled lamp which is 
designed to give 500 hr of life when op- 
erated at 2000 volts. Xenon, a rare in- 


| ert gas (1 part in 170 million in air) 


emits an instantaneous bright white 
light when high electrical discharges 
are made through it. The lamps are 
placed across a 30 mf capacitor, and 
the application of instantaneous high- 


voltage trigger pulse causes the con- 
| denser to discharge through the lamp, 


giving a bright white light. Two rec- 
tifiers provide a 2000-volt d-c potential 
to charge the capacitor. A relay con- 


} nected with a central timing device 


discharges a small capacitor through 
an ignition-type transformer. This pro- 
vides the instantaneous high-voltage 
pulse required to flash the lamp. 


Missile Test Set Has 
Digital Printed Read-Out 


FOR USE IN FINAL TESTING missile tele- 
metering packages a semi-automatic 
programmed test set with digital 
printed read-out has been developed by 
engineers at Pacific Division, Bendix, 
Aviation Corp., North Hollywood, 
Calif. 

It performs the complete final elec- 
trical test of a 177 channel FM/FM 
missile telemetering system in less than 
1 hr. It is capable of programming 
in approximately 200 different meas- 
urements and can be operated by non- 
technical, semi-skilled personnel. Semi- 
automatic in nature, the equipment 
requires only one operator to initiate 
the sequence of measurements. 

The device checks carrier frequency 
and power output as well as frequency 
and amplitude of each  sub-carrier 
channel with respect to a set of pre- 
determined input signals, thus auto- 
matically analyzing the factors of lin- 
earity, sensitivity and frequency con- 
version. 

The test set-up includes a power sup- 
ply rack, and a signal simulator rack 
which provides signals to simulate 
those supplied by transducers installed 
in the missile. A read-out rack converts 
voltage and frequency into electrical 
| digital data. These data are recorded 
| by automatic printers on paper tape 
in the form of numerical read-out of 
the actual frequencies and voltages pro- 
duced by the equipment under test. A 
sub-carrier analyzer rack breaks down 
complex, mixed information into in- 
dividual channels to be analyzed sep- 
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Modern techniques in radio-graphic prac- 
tice have placed new demands on X-ray 
tube capacity. These demands have been 


answered by Machlett Laboratories, Inc., 
Springdale, Connecticut, by the introduc- 


Hel Advance tion of their DYNAMAX design. The 
p Machlett DYNAMAX design incorporates 


a rotating anode mounted on highly 











specialized ball bearings made by NICE 
BALL BEARING COMPANY. 


The commercial success of the rotating 
anode principle is largely due to the 
development of suitable bearings. The 
NICE bearings used by Machlett have 
proven to be the complete answer to all 
requirement problems. They are made to 
exacting tolerances from special heat 
resisting steel and are silver lubricated 
for use in high vacuum.* 


Now Available! New NICE Cat. No. 190 


*Machlett U.S. Patent No. 2,315,280 

























Machlett DYNAMAX “25” 
Rotating Anode X-RAY Tube 
(with plastic display case) 












Cutaway View of Ball Bearing 
Mounted Rotating Anode and 
Motor Armature Core 





Special NICE Bear- 
ing used at bottom 
of Rotor. A similar 
Special Bearing is 
mounted at top of 
Rotor. 


a 
oa 
C pes 


Picker X-Ray Corporation Table and Tube- 
stand incorporating Machlett DYNAMAX 






NICE is the word for BEARINGS 
= 


NICE BALL BEARING COMPANY 
NICETOWN: PHILADELPHIA: PENNSYLVANIA 
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Zor HEAVY DUTY WORK! 


Severest Electrical Services 


JONES 
. ADU TE as 


500 SERIES 
Proven Quality! 


For 5,000 Volts, 25 Amperes per Contact Alterable by 
Circuit Characteristics 


$-506-DB 
Socket with deep Bracket 


Socket contacts of phosphor bronze, knife-switch type, cadmium plated. Plug contacts hard brass, 
cadmium plated. Made in 2, 4, 6, 8, 10, and 12 contacts. Plugs and sockets polarized. Long leakage 
poth from terminal, and terminal to ground. Caps and brackets, steel parkerized (rust-proofed). 
Plug and socket blocks interchangeable in caps and brackets. Terminal connections most accessible. 
Cap insulated with canvas bakelite 


Write for Jones BULLETIN 21 for full details on line 


HowARD B. JONES DIVISION 


CINCH MANUFACTURING CORPORATION 
1 


SUBSIDIARY OF UNITED-CARR FASTENER CORP 


Your “work book” for insulation problems. . . 


ELECTRICAL INSULATION 
AND DIELECTRICS 


ERE’s a design manual that’s a virtual must for engineers who 


need to keep pace with current technology in the swift moving 
field of electrical insulation and dielectric materials. 

The editors of ELectricAaL MANUFACTURING have assembled into 
one handy-to-use 136-page book, a selected group of articles dealing 
with the application of insulation and dielectrics in the design and 
development of electrically operated products. Many of the articles 
include exhaustive, critical appraisal of property characteristics and 
application possibilities. 

Feature article content (with dates of original publication) in- 
cludes: Research Progress in Dielectrics (December 1954); The Epoxy- 
Resin System for Embedded Circuits and Components (April 1955); 
Arcing Performance of Plastics Insulation (April 1954); Dielectric 
Strength of Solid Insulation (May 1954); Impact of High-Energy 
Radiation on Dielectrics (June 1955); Deteriorating Influences on 
Dielectric Materials (July 1954); Ferroelectric Dielectrics (July 1954); 
Applications for Gas and Liquid Insulation (June 1954); Glass-Premix 
Compounds for Molded Parts (March 1955); Filled Fluorocarbons— 
New Component Materials (February 1955); Evaluating Dielectric 
Properties of Plastics Laminates (October 1954); Plastics Laminates 
Standards (November 1954); Effects of Water Immersion and Humidity 
on Thermosetting Laminates (July 1955); Temperature Classification 
of Insulating Materials (September 1954); European Developments in 
the Dielectrics Field (August 1955). 


An annotated bibliography lists earlier articles containing design 
data applicable to current problems. 


e The 136-page Design Annual includes each article in complete form with 
all original illustrations, tables and text. Single copy price is $3.00 on orders 
accompanied by remittance. Orders should be addressed to: J. A. Campbell, 
Director Reader Service, The Gage Publishing Company, 1250 Sixth Ave., 
New York 20 


arately. The programmer rack applies 
the correct voltage to the equipment 
under test from the signal simulator, 
sets the sub-carrier analyzer rack on 
the correct sub-carrier frequency, 
routes the output of the sub-carrier 
analyzer rack to the read-out for con- 
version from frequency or voltage into 
|numerical data, and commands the 
printer to print. 

The printed tapes, showing voltages 
jand frequencies, are then compared 
|with standard high limit and low limit 
|tapes. Recordings which fall outside 
|acceptable limits indicate faulty tele- 
|metering equipment. Location of the 
|fault is readily detected with the aid 
of a fault location chart. 

In addition to “Go, No-Go” informa- 
tion, the test set gives specific per- 
formance and calibration information 
of the missile telemetering packages. 

000 


'Narrow-Band Television 
Shows Motion 


ce LTS OF EXPERIMENTS which for 
| the first time make feasible the trans- 
|mission of narrow-band television pic- 
|tures with motion over ordinary tele- 
|phone cable pairs were revealed in a 
jtalk given before the Franklin In- 
| stitute of Philadelphia by C. Raymond 
| Kraus, general staff transmission engi- 

neer of the Bell Telephone Co. of 
| Pennsylvania. 

Mr. Kraus, in his paper entitled 
“Experiments in Television over Tele- 
phone Cable Facilities,” detailed the 
research and development work 
| which had been conducted by his com- 
|pany in cooperation with two manu- 
facturers of industrial television equip- 
ment, General Precision Laboratory 
Incorporated, and Dage _ Television 
| Division of Thompson Products Inc., 
|in the field of narrow-band television 
employing a frequency bandwidth of 
only 250,000 cycles. This compares 
|with the 4,000,000-cycle bandwidth re- 
|quired for present methods of trans- 
|mission over special video cable. The 
new system utilizes standard telephone 
cable facilities for transmission and 
operates successfully up to distances 
of 10-15 miles. Further development 
work, Mr. Kraus indicated, could pos- 
sibly extend the range of transmission 
even further. 

While the reduced bandwidth results 
in pictures of less resolution than in 
regular broadcast transmission, they 
are of sufficiently acceptable quality to 
be used for a variety of industrial ap- 
| plications such as traffic control and 
| banking operations where picture qual- 
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Again and Again and Again 


THE CHOICE OF THE LEADERS 
THE MARK OF BETTER MACHINES 


& John Barnes, a leading builder of 


machine tools and automation installations, 
standardizes on the use of Cutler-Hammer 
motor control equipment 


Barnes Multiple Station ‘‘Progress-Thru’’ uous automatic cycle. Cutler-Hammer Three- 
Machine which performs a total of 54 opera- Star Motor Control and Heavy Duty Oil-Tight 
tions on automotive cylinder heads in a contin Pushbuttons are standard original equipment 


N. P. Bashor, Manager, Electrical Division, 

W. F. & John Barnes Company, recognized as an authority 
on machine tool control, says, ‘We are forever seeking 
improved techniques and equipment for Barnes machines 
The extent to which we have standardized on 
Cutler-Hammer Three-Star Motor Control and Cutler-Hammer 
Heavy Duty Oil-Tight Pushbuttons simply reflects our 
conviction that these are the very best available.” 


Control cabinet doors of Barnes machine opened to show array of Cutler-Hammer Three-Star 
Motor Control companents used. 


READER 


INQUIRY 


SERVICE CARDS, PRECEDING BACK COVER 


The W. F. & John Barnes Company, 
Rockford, Illinois, has designed and 
built highly specialized mechanical, 
electrical and hydraulic equipment and 
machines for more than 80 years. Their 
unusually competent Electrical Division 
has repeatedly won distinction in the 
custom designing and building of com- 
plex electrical control systems, particu- 
larly in advanced automation engineer- 
ing. Their choice of Cutler-Hammer 
Three-Star Motor Control and 
Cutler-Hammer Heavy Duty Oil-Tight 
Pushbuttons, in their own words, 
“simply reflects our conviction that 
these are the very best available.” 
Cutler-Hammer Three-Star Motor 
Control and Cutler-Hammer Heavy 
Duty Oil-Tight Pushbuttons are the 
decided preference of able engineers 
whenever selection is determined by 
careful comparison. To be sure, you too 
should standardize on Cutler-Hammer 
... the choice of the leaders, the mark 
of better machines. 
CUTLER-HAMMER, Inc., 126: St. 
Paul Ave., Milwaukee 1, Wis. Associate: 


Canadian Cutler-Hammer, Ltd., Toronto. 


CUTLER-HAMMER 
5 i a 
MOTOR CONTROL == 


ponmcnaiarined 


CH) 


Control systems for Barnes machines include the 
unique Barnes Electro-Graphic Detector which can 
cut trouble-shooting time as much as 90%. Detector 
circuits permit simple, speedy and safe pinpointing of 
any operating difficulties. With this detector, plant 
electricians do not have to be machine designers to be 
experts in supervisory maintenance 





400 


DRAW YOUR 


500 


600 


700 800 


OWN CURVE 


this overload relay is now 
tailored...to your equipment 


NEVER BEFORE has any practical overload protector 
offered such close-tolerance specifications. 

In most ratings, the Heinemann Silic-O-Netic Overload 
Relay may now be specified to trip on overloads as small 
as 15%. Time-delay characteristics can be selected which 
will permit starting inrush yet give high-speed tripping at 


critical load points. 


Operating on the hydraulic-magnetic principle, this re- 
lay will always carry its full rated load despite ambient 
temperatures. It establishes a new and fully dependable 
close-tolerance between “must-hold” and “must-trip” cur- 


Now, Silic-O-Netic Relays are available with tailored 
response characteristics. Within limitations, you specify 
the current value and the tripping time. Here is the ideal 


means of protection . . 


. an overload protector precisely 


rated in current and time delay to your specific equipment. 


The full facts about 
tailored overload pro- 
tection are given in 
Bulletin 5102. Send 
for your copy. 


ELECTRIC COMPANY 


99 Plum Street Trenton 2, N. J. 


ity is not a primary consideration. 
“Obviously,” Mr. Kraus stated, “in the 
remote viewing of the output of a steel 
rolling mill it is not necessary to be 
able to distinguish the ripple in the 
workman’s overalls. And in viewing 
street traffic flow, it is necessary only to 
see the vehicles, not the ripples in their 
fenders.” The current requirement for 
expensive video cable, microwave 
equipment or coaxial cable is avoided 
with the new system. 

Mr. Kraus demonstrated two of the 
250,000-cycle systems. Pictures were 
transmitted 3 miles over telephone 
lines to a monitor. 

With the success of these experi- 
ments, important economies and _ re- 
sulting widened markets for closed-cir- 
cuit television are envisioned. “There 
are only some 15,000 video conductor 
miles in the Bell System,” Mr. Kraus 
pointed out, “compared with approxi- 
mately 235 million miles of ordinary 
cable conductors.” This new  avail- 
ability of telephone cables as TV sig- 
nal carriers provides a ready-made net- 
work of cable facilities for picture 
transmission at almost any location. 
This in turn will make the use of tele- 
vision in industrial and _ institutional 
applications far more practical than 
ever before Oo00 


Over Tightening Bolted Joints 
May Be Good Practice 


IF STRENGTH OF THE JOINT is the only 
concern in an assembly, it’s almost im- 
possible to get the nut too tight, ac- 
cording to fastener specialist at Russell, 
Burdsall & Ward Bolt and Nut Com- 
pany. If wrenching up hard doesn’t 
break a bolt, it will never break or 
wear out in service presuming it’s the 
right bolt for the job. 

The tension left in a bolt after it’s 
tightened opposes the external load 
applied in service and keeps the nut 
tight. So long as preload tension— 
clamping joint members together—is 
greater than external load, the bolt 
won't fail. Maximum preload tension 
means maximum resistance to external 
stress. 

However, there are applications 
where too much tightening is bad: 

1. Where fasteners may be re- 
moved in service, avoid tightening the 
bolt to the point where it is perma- 
nently stretched. A steel bolt stretched 
in tightening no more than 0.001 in. 
(0.002 in. for heat treated bolts) per 
inch of grip length distance between 
bolt and nut will return to normal with- 
out deformation of threads. 

2. Where a soft-surfaced material. 


MAY 1957 ELECTRICAL MANUFACTURING 





WAGNER ELECTRIC MOTORS...THE CHOICE OF LEADERS IN 


INDUSTRY 


WAGNER MOTORS mean less down- 
time for production machinery 


This Wagner Type EP Motor is mounted on the base of the Reedmatic Production Lathe. 


Wagner totally-enclosed fan-cooled motors will give 
your machine tools the drives they need to give con- 
tinuous service. 


THEY ASSURE LESS DOWN TIME. Wagner totally- 
enclosed fan-cooled motors are fully protected 
against damage from steel filings, chips, dust, dirt, 
fumes and moisture. This built-in protection assures 
freedom from excessive down time caused by 


totally-enclosed motors require no maintenance 
other than periodic lubrication. These motors are 
designed to run cooler and longer between main- 
tenance periods, but when greasing is necessary, 
readily accessible lubrication openings permit ad- 
dition of grease or a complete relubrication. 


A Wagner field engineer will be glad to help you 
design non-stop performance into your production 
machinery by recommending the motors that best 


motor failure. 
THEY REDUCE MAINTENANCE COSTS, Wagner 
, ; ae 2s: . 


fit your specific needs. Just call the nearest of our 
32 branch offices. 


This Reed-Prentice tracer 
controlled automatic pro- 
duction lathe, which 
turns automobile axles in 
30 seconds, is equipped 
with Wagner Type EP 
totally-enclosed fan- 
cooled Motors. These 
motors are fully described 
in Bulletin MU-203. Write 
for your file copy today. 


eee me mae ee mee Ne | 


MS57-6 
BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Wadsner Electric @rporation 


6454 Plymouth Ave., St. Louis 14, Mo., U.S.A. 


VISIT US IN BOOTH 522-24 AT THE DESIGN ENGINEERING SHOW IN NEW YORK THIS MONTH 
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DURAKOOL 


Tilt Switches 
are the Life of your 
Automatic Controls 


Tilted Down 
On 


ilt 

OH” = This steel-clad Durakool 
mercury tilt switch has 
unique construction fea- 
tures that deliver years 
of trouble-free aio 
ance on the most difficult 
assignments you can find. 
OF CYCLES Operating under sealed- 
FALTERING in, pressurized hydrogen 
° gas, it takes 24 hours, fast 


cycling schedules in stride. 
See telephone directory for loca! distributor, or write. 


7 sizes, 1 to 65 amperes. 
DURAKOOL, INC. Send for Bulletin 525. 
ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 


ee a 


Durakool 23:7", 


Sherman Solderless SS Type 
“All-Around” lugs are made 
in six sizes — #14 to 1000 
MCM. Large contact surface for 
maximum conductivity. Open 
end barrel assures proper cable 
installation. Low silhouette — 
easy to install in tight places. 
Precision made and corrosion 
resistant. 


Sherman — Known for quality 
since 1895. 


ee 
MANUFACTURING CO. 


BATTLE CREEK, MICHIGAN 








such as a gasket, is part of the joint, 
tightening simply compresses the soft 
material. In this kind of joint. R B & W 
engineers recommend tightening the 
bolt just a littke more than enough to 
hold the joint together under load. 
O00 


Technicians to be Instructed 
in Computer Use 


EMPLOYEES DON’T HAVE TO BE com. 
puter experts to use giant “electronic 
brains” at the Van Nuys plant of the 
Lockheed Missile Systems division. The 
company announced today that they 
will be able to use its IBM 650 com- 
puters on a do-it-yourself basis to solve 
mathematical problems they encounter 
in their work. 

To qualify, all an employee has to 


| do is take a 12-hr course in program- 


ming. A knowledge of simple algebra 
is the only prerequisite for the course, 
which is being given on company time. 

E. K. Fisher, head of the plant’s 
mathematics and computer services de- 
partment, said the service will help 
employees with mathematical prob- 
lems too complex to be solved easily 
with desk computers and slide rules. 
It will also ease the work load of his 
professional programmers, who cap 
spend more of their time on highly 
technical problems. 

Fisher estimated that an engineer can 
easily program and get the answer to 
a problem in a day which would take 
him a week to solve by usual means. 

He will state his problem as an 


| equation, and then draw up a flow chart, 


an analysis of the problem as a series 
of computer operations. He then fills out 
a coding sheet from which the com- 
puter’s key punch operator takes in- 
structions, 

Finally, he checks the answer with 
a test case with known answer. Diag- 
nostic methods are included which in- 
dicate the trouble if there is an error. 

The Lockheed do-it-yourself comput- 
ing service is the result of a new sim- 
plified coding technique called Sym- 
bolic Optimum Assembly Program- 
ming, developed by the International 
Business Machines corporation. By us- 
ing this technique, the novice program- 
mer can write the actual equations or 
his coding sheet instead of the complex 
system of “address numbers” normally 
used to locate various pieces of in- 
formation within the machine. This 
simplifies the job considerably. 

The new Lockheed computer service, 
said Fisher, is designed for people who 
have never seen or used a computer 
before. It can be used to solve both 
scientific and accounting problems. 

O00 
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3M takes the wraps off 
a startling new insulation 


“SCOTCHPLY” Brand Reinforced Plastic 
strengthens, insulates and bonds! 









Now a high-strength, lightweight reinforced 
plastic—‘“‘ScotcHpLy” Reinforced Plastic 
makes possible the bonding of coil, conductors, 
insulators and pole piece into one complete unit. 
It increases the operating life of motors and other 
rotating equipment—even under the most severe 
operating conditions. 


*““SCOTCHPLY”’ Reinforced Plastic is a mold- 
able, laminated plastic reinforced by thousands 
of continuous, non-woven glass filaments. Thus, 
unlike conventional glass fiber reinforced plas- 
tics, it can be tailored to meet specific stress and 
insulating requirements. For complete informa- 
tion, write address below. 





Quick Facts VOID FREE-—contains no small openings or weaknesses common to varnishes, resins or wrappers 
on or other “‘encapsulating”’ materials. e HIGHLY DIELECTRIC—seals out moisture, carbon and 










a dust particles. e CORROSION RESISTANT—chemically inert to most acids, bases and solvents. 
SCOTCHPLY”< Shows no appreciable deterioration when exposed to weathering. e HIGH MECHANICAL 
Brand STRENGTH-—-withstands stresses of centrifugal force in rotating equipment. e SUPERIOR 
THERMAL CHARACTERISTICS— virtually eliminates problems created by severe thermal 
: Reintorced cycling. Coefficient of lineal expansion nearly identical to copper. 
Plastic 







Unique properties of ‘“ScoTcHPpLy’’ Reinforced Plastic open up a whole new range of engineering 
and structural possibilities in the manufacture of electrical equipment. Ask today for 3M technical 
service or literature with complete information. Write Minnesota Mining and Manufacturing Co., 
Dept. P1i-57, St. Paul 6, Minnesota. 


REG. U.S. PAT. OFF. 


S C OTC HPLY Reinforced Plastic 


qnooucr On 
BRAND 


The term “ScoTcHPLY” is a registered trademark of Minnesota Mining and Manufacturing Company, St. Paul 6, Minn. Export Sales Office: 
99 Park Ave., New York 16, N. Y. In Canada: P.O. Box 757, London, Ontario. 
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agnetic 
mplifiers 


The servo amplifiers 
illustrated are typical 
standard types. Other 
models, including 
higher power types, 
are available for 
systems engineering. 
The complete MA 

line offers the designer 
a choice of compact, low 
cost types, amplifiers 
featuring fast response 
at high gain and 
all-magnetic models 
providing highest 


performance In addition to standard 


types, custom designs 
can be produced for 
special applications, 
or complete servo 
and automatic control 
systems can be 
engineered to your 
requirements. 


TYPE POWER SENSI- 
SUPPLY OUTPUT ‘TIVITY 


RESPONSE 
TIME—SEC. 


LIGHTWEIGHT 
SUB-MINIATURE 
MAGNETIC AMPLIFIER 
MAGNETIC PRE-AMP + 115 volts 3,5,6,10, 1 volt 03 
SATURABLE TRANSFORMERS 400 cps. 18 watts AC . 


~ MAGNETIC PRE-AMP + 
HIGH GAIN MAGNETIC 115 volts 5,10,15, 0.1 volt - te 


AMPLIFIER 400cps. 20watts AC 


115 volts %,3,5,10 
400 cps. watts 02 volts .003 


TRANSI-MAG*: TRANSISTOR 115 volts 2,5, 10, 08 volt 
+ HIGH GAIN MAGNETIC 4000r 15,20 AC into ot 
AMPLIFIER 60 cps. watts 10,000 ohms 


Call or write for new illustrated bulletins. 


Magnetic Amplifiers «inc 


632 TINTON AVE., NEW YORK 55, N. Y.—CYpress 2-6610 


West Coast Division 
136 WASHINGTON ST., EL SEGUNDO, CALIF. — EAstgate 2-2056 


2h ARMAS 





Inherent Compensation in 
New Single-Stage Hydraulic 
Servo Valve 


(Continued from page 101) 


Temperature Control Co. “Atcotran” 
standard differential transformers for 
sensing variables, the new servo 
valve is versatile and rugged, par- 
ticularly when rapid control over 
large power is required. 

The edge sensing and positioning 
system shown schematically in Fig. 8 
demonstrates this. The purpose of 
this equipment is to maintain the 
lateral position of cellophane sheet 
as it leaves a roll to be slit into nar- 
rower widths. The centering is main- 
tained despite sheet width variations, 
by virtue of the differential edge sens- 
ing system. This employs Bourdon 
tube pressure transmitters responsive 
to the edge measuring vacuum nozzles. 

The maximum allowed run-out of 
the sheet is 0.06 in., with a sheet- 
running speed of 1500 fpm and 
sheet “wander” of 0.8 in, per sec. 
A correction response demanG of 0.- 
075 sec is accomplished. 

As shown in Fig. 9 this valve is 
also used to control the weight of 
the product from a 100-ton com- 
pacting press for uniformity during 
a press run. Displacement of the 
weighing scale is measured electrical- 
ly. This information is fed into a 
mechanical servo and is also bal- 
anced electrically against the error 
input, holding this data during the 
weighing period. The No. 2 servo 
then accepts the order, transmitting 
any disparity to the hydraulic ser- 
vo. The servo valve corrects the 
hydraulic pressure to the press by 
operating a positioning cylinder in 
the high pressure pump. 

The diversity of control roles open 
to the new automatic compensating 
valve is further demonstrated in Figs. 
10 and 11. In the former, automatic 
production grinding to dimension is 
the task accomplished by the com- 
bination of sensing transducer and 
other standard components together 
with the auto-compensating valve. 
The latter, an automatic drilling ma- 


| chine application, includes not only 


punched tape programming of drill 
position but drill selection. O O O 
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Here 


at last 


FULL 42-INCH PRINTMAKING IN A CONVENIENT 


Table Model 


Now, TABLE MODEL convenience, LOW COST and 
FULL WIDTH are combined in one whiteprinter— 
the new Ozalid Streamliner 200! 

Now, anyone can turn out sparkling whiteprints 
in seconds—up to 42 inches in width! In the small 
office, the new Streamliner 200 gives you prints 
whenever you need them. For the large firm, it 
handles “rush work’’. . . saves costly interruptions of 
volume printmaking . . . stands by when other 


A Division of General Aniline & Film Corporation 
in Canada: Hughes Owens Company, Ltd., Montreal 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


machines are ““down’”’ for service. 

Compact in design, Streamliner 200 stands just 
22” high . . . 38” deep, with feedboard. Prints stack 
automatically. Controls are simple, easy to operate. 
Stand, shown above, is optional. 

Why not test-run your own tracings through the 
Streamliner 200? Call your local Ozalid representa- 
tive or write: Ozalid, Department DD-5, Johnson 
City, New York. 


OZALID' 


First name in whiteprinting 





FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 


bers-structurals+plates+ sheets & strip 
tubing « reinforcing, etc., » a!so machinery & tools 


| 
<=>, | 
| 


Plants at New York * Boston «Wallingford, Conn. + Philadelphia + Charlotte, 
N. C. © Cincinnati * Cleveland + Detroit + Pittsburgh + Buffalo * Chicago « 


Milwaukee +* St. Louis * Los Angeles « 





San Francisco + Spokane + Seattle 





Dress Up Your Products 
with these 


NEW 
KNOBS 


Designed by Robert Podali 


Featuring metal inserts of 
chrome, copper, satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 W. Monticello * Skokle, IH. 








Review of 
Environmental Test Equipment 


(Continued from page 131) 


are available to produce simulated vibration conditions 
at temperature and altitude extremes. This type testing 
becomes a “must” inasmuch as the design parameters 
of materials are not the same at —65 F as they are at +-65 
F. Vibration introduced in a product undergoing accel- 
eration forces is being investigated. Exact reproductions 
of in flight vibration and shock patterns are being ex- 
plored. Signals of this phenomena are being recorded 
on tape for reproduction by electrodynamic shaker 
systems and cam-driven shock testers. These illustrate 
a few examples of combined or otherwise more realistic 
type environmental testing. 

It is well to mention, however, that although this 
combined simulation seems to be an eventual must, its 
true value must be explored thoroughly before going 
into it fully. In some cases it may be more advantageous 
to use only single environment tests during the initial 
development stage to isolate troubles without complicat- 
ing the picture. Then apply the combined testing tech- 
nique as a final check. As a next step, use this combined 
testing techinque for production testing as a “go-no-go” 
tool. Also, the value of using combined testing for re- 
liability work is not to be underestimated. Herein lies 
a valuable tool for reducing overall test time on what 
is generally a gargantuan task of testing many thousands 
of components in a limited time to assemble enough 
statistical data to determine reliability criterion. 

Sonic testing is now being explored as an area of 
environmental conditioning. Pressure waves produced by 
jet exhausts excite aircraft structures and produce a 
vibration environment equal to or in excess of that pro- 
duced mechanically. Rocket exhausts produce the same 
phenomena in missiles. Certain advantages may be 
realized in the adaptation of sonic testing as a tool 
in vibration analysis inasmuch as low sonic power levels 
can be used to excite equipment to comparable high 
level mechanical excitations. 

Nuclear radiation as an environment has received 
comparatively little attention. The effect of gamma ra- 
diation and ionization upon some basic materials is 
known to completely change their characteristics.* This 
phenomenon has been taken out of the field by labora- 
tory interest only and put into reality by the atomic 
powered submarine and proposed nuclear propulsion 
aircraft. The effect of nuclear radiation is to superim- 
pose an additional environment on any of those under 
consideration. Herein, truly, is a must for combination 
evironmental testing since only by the combined ap- 
proach can we tell the effect of radiation on materials 
and components. 

It is the writer’s opinion that, in the near future, a 
products ultimate environmental can be simulated in the 
laboratory in an automated fashion wherein all the 
phenomena which can conceivably occur simultaneously 
will be imposed. o0°0 


*See “Effect of Radiation on Semiconductors,” Exuecrrica. MANUFACTURING, 


April 1957, also “‘Impact of High Energy Radiation on Dielectrics,"’ Evecraicar 
Manuracrurinc, June 1955. 
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Mining motors 
for heavy-duty mine equipment 


depend on performance-proven 


ROCKBESTOS A.V.C. 


In building motors for heavy-duty coal mining 
machinery, leading motor manufacturers de- 
pend on performance- proven Rockbestos 

A.V.C. Motor Lead Cable. 


For example, in building motors for use in Joy 
Manufacturing Company's 20BU-1 high ca- 
pacity loader, the manufacturer specified and 

used Rockbestos Motor Lead Cable. This cable 
not only withstands oil and grease but also 
gives protection against starting overloads, 
high ambient temperatures and the many other 
operating tortures of heavy-duty mining 


equipment. 


This Rockbestos A.V.C. Motor Lead Cable has 
also been performance-proven in mill motors 
and other heavy-duty stationary and traction- 


type motors. 


You, too, can get trouble-free wire perform- iy tm, Ss ROCKBESTOS 

ance by specifying and using Rockbestos A.V.C. | irotypesfose 

Motor Lead and Apparatus Cable. Remember, x ~ “ PRODUCTS CORPORATION 
it'll keep its flexibility indefinitely — won't rot EW HAVEN 4, CONNECTICUT 


or bloom when exposed to grease — won't NEW YORK, CLEVELAND, DETROIT, 
CHICAGO, PITTSBURGH, ST. LOUIS, LOS ANGELES, 


burn or carry flame. ATLANTA, DALLAS, OAKLAND, SEATTLE 


Write today for full details — ask for Specifi- 
cations RSS-98 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





Guide to Buying 


MATERIALS @ METALS e@ ELECTRICAL & MECHANICAL PARTS e EQUIPMENT e FINISHES 


Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


just preceding back cover. 


ACTUATORS, BALL-SCREW 


Saginaw Steering Div., 
Motors Corp., Mich. 


ADHESIVES 


Aluminum Co. of 
Pittsburgh 19 

Armstrong Cork 
caster, Pa 

Durez Plastics Div.. Hooker Electro- 
chemical Co., 1305 Walck Rd., N. 
Tonawanda, N. Y. 

Houghton Laberatories, Inc., 140 Houghton 
Ave., Olean, N. Y 

Jehns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, IL 

Koppers Co., Inc., Chemical Div., Kop- 
pers Bidg., Pittsburgh 19, Pa 

Minnesota Mining & Mfg Co., 
Products Div., 
Paul 6, Minn 


ALUMINUM. See also Castings. 


Aluminum Co. of America, Alcoa Bidg., 
Pittsburgh 19, Pa. 

Kaiser Aluminum and Chemical Sales, Inc., 
1924 Broadway, Oakland 12, Calif. 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 

Reynolds Metals Co., P.O. Box 1800-ED, 
Louisville 1, Ky 


Gear 
Saginaw, 


General 


America, 
Pa 
Co 


Alcoa Bidg., 
Lan- 


7005 Ingersol, 


Electrical 
900 Fauquier Ave., St. 


AMMETERS. See Instruments. 


AMPLIFIERS, ELECTRONIC 


Aerovox Corp., New Bedford, Mass. 

Bristol Co., Waterbury 20, Conn. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Gulton Mfg. Corp., Gulton Industries, 
Inc., 212 Durham Ave., Metuchen, N. J. 

Kearfott Co., Inc., 1378 Main Ave., 
Clifton, N. J 

Leech Relay Div., 


Leach Corp., 5015 
Avalon Bivd., 


Los Angeles 8, Calif. 

Librascope, Inc., 808 Western Ave., Glen- 
dale 1, Calif. 

Magnetic Amplifiers, Inc., 632 Tinton Ave., 
New York 55, N. Y. 

Magnetics, Inc., Dept. EM-36, Butler, Pa. 

Nothelfer Winding Laboratories, P. O. 
Box 455, Dept. 101, Trenton 3, N. J. 

Co., 175 Wyman, Waltham 54, 


Servomechanisms Inc., Mechatrol Div., 625 
Main, Westbury, LI, N.Y. 
Servospeed Co., Div. of Electro-Devices, 
Inc., 4 Godwin Ave., Paterson 1, N. J. 
Southwestern Industrial Wlectronics Co., 
2831 Post Oak Rd., P. O. Box 13058, 
Houston, Texas. 
Transicoil Corp., 
County, Pa. 
United Transformer Co., 
York 13, N. ¥ 
Vickers Electric Div., Vickers Inc., 
Locust, St. Louis 3, Mo 
Westinghouse Electric Corp., Gateway Cen- 
ter Bldg. No. 3, 401 Liberty Ave., Pitts- 
burgh 30, Pa. 
Weston Electrical Instrument Corp., A sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


ANODES, PLATING 


American Brass Co.. Waterbury 20, Conn. 

American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J 

Baker & Co., Inc., 113 Astor, Newark 5, 
N. J 

Chase Brass & Copper Co., 
necott Copper Corp 

General Plate Div.. 


Worcester, Montgomery 


150 Varick, New 
1803 


Sub. of Ken- 
Waterbury 20, Conn. 

Metals and Controls 
Corp., 1905 Forest, Attleboro, Mass 
(Silver, Gold) 


Handy & Harman, 82 Fulton, New York 
38, N. Y. (Silver, Gold) 

Hussey & Co.. @ G.. Pittsburgh 19, Pa 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y 

Seymour Maufacturing Co., Seymour, Conn. 

ASBESTOS SLEEVING. See Sleeving and 
Tape, Asbestos. 


AUTOMATION EQUIPMENT 


Stromberg-Carison, A Div. 
Dynamics Corp., 117 
Rochester 3, N. Y 


of Genera! 
Carison Rd 
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BALANCING MACHINES 


General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y¥ 
Micro Balancing, Inc., 
Garden City Park, N. Y 
Westinghouse Electric Corp 
ter Bidg. No. 3, 401 

Pittsburgh 30, Pa 


Herricks Rd., 
, Gateway Cen- 
Liberty Ave., 


BALLS, BEARING 

Hoover Ball & Bearing Co. 
Ann Arbor, Mich 

SKF Industries, Inc., Philadelphia 32, Pa. 


BATTERIES, DRY 


Mallory & Co., Ine., P. R. 
6. Ind, 

National Carbon Co., Inc, A 
Union Carbide & Carbon Corp., 
42nd, New York 17, N. Y 

Radio Corp. of America, Tube Div., Har- 
rison, N J. 


, 326 E. Hoover, 


Indianapolis 


Div. of 
50 E 


BATTERY ELIMINATORS. See 
Supply Units; Rectifiers. 
BEARINGS, BABBITT 


Ryerson & Son, Inc. Joseph T., 
80, Ml 


Power 


Chicago 


BEARINGS, BALL (Miniature) 


New Departure Div. of General 
Corp., Bristol, Conn. 

New Hampshire Ball Bearings, Inc., Peter- 
borough, N. H. 
United States Gasket 
of The Garlock 

S m2 


Motors 


Co, Plastics Div 
Packing Co., Camden 


BEARINGS, BALL and ROLLER 
(Radial and Thrust) 


Hoover Ball & Bearing Co., 326 E. Hoover 
Ann Arbor, Mich. 

New Departure Div. of General 
Corp., Bristol, Conn. 

Nice Wall Bearing Co., 30th & Hunting 
Park Ave., Philadelphia 40, Pa 

SKF Industries, Inc , Philadelphia 32, Pa 


Motors 


BEARINGS and BUSHINGS. 
LUBRICANT-RETAINING 

Amplex Div., Chrysler Corp 
Mich. 

Radio Cores, 
Lawn, Ill. 

United States Graphite Co., 1621 Holiand, 
Saginaw 8, Mich 


31, 
Oak 


Detroit 


Inc., 9540 Tulley Ave.. 


BEARINGS and SUSHINGS, 
(Brass, Bronze, Steel Ete.) 


American Crucible Products 
Oberlin Ave., Lorain, Ohio 

Amplex Div, Chrysler Corp., 
31, Mich 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

Mallory & Co., Inc., P. R., Indianapolis 
6. Ind 

United States Graphite Co., 
Saginaw 8, Mich 


METAL 


Co., 1865 


Detroit 


1621 Holland, 


BEARINGS and BUSHINGS, 
NON-METALLIC 


General Electric Co., Plastics Dept., De- 
eatur, Ill. 

National Carbon Co., Inc., A Div of Union 
Carbide & Carbon Corp., 30 E. 42nd, 
New York 17, N. Y. 

National Vulcanized Fibre Co., Wilming- 


ton 99, Del 
9540 Tulley Ave., Oak 


Radio Cores, Inc., 
2799 Lake, Melrose Park, 


Lawn, Ill 
Richardson Co., 
Tl 
Ryerson & Son, 


Joseph T., Chicago 
80, Til. 
Spaulding Fibre Co., 


Tonawanda, 
N. ¥ 
Westinghouse Electric Corp., Gateway Cen- 


ter Bldg. No. 3, 401 Liberty Ave., Pitts- 
burgh 30, Pa. 


Inc., 


Inc., 


BELLS 


Stromberg-Carlson, A Div. 
Dynamics Corp., 117 
Rochester 3, N. Y 


of General 
Carlson Rd., 


Wheelock Signals, Inc., 273 Branchport 
Ave., Long Branch, N. J. 


BELT DRIVES. See Drives, Belt 


BENDERS, BRAKE and SHEARS 


Ryerson & Son, Inc., Joseph T., Chicago 80, 
tl 


BERYLLIUM COPPER (Rod, Strip, Tube, 
Wire) 

Beryllium Corp., Reading, 

Mallory & Co., 
6, Ind 

Penn Precision Products, Inc., 501 Crescent 
Ave.. Reading. Pa. (Strip) 

Riverside-Alloy Metal Div., H. K 
Co., Ine., Riverside, N. J. 


Pa 


Inc., P. R., Indianapolis 


Porter 


BIMETALS. See Thermostatic Bimetals. 


BITS, SCREW and BOLT. See Socket 
Screw Keys and Wrenches. 


BLADES, FAN 
Torrington Manufacturing Co., Torrington, 
Conn, 


BLOCKS, PILLOW 
SKF Industries, Inc., Philadelphia 32, Pa 


BLOCKS, TERMINAL. See Strips, Blocks 
and Boards, Terminal. 


BLOWERS. See Fans and Blowers 
BOLTS. See Fasteners. 


BOXES METAL. See Sheet Metal Fabri- 
cators 


BRAKES, BENDING. See Benders, Brake 
and Shears 


BRAKES, MAGNETIC 


Cutler-Hammer Inc., 1264 St. 
Milwaukee 1, Wis. 

Paton Mfg. 
osha, Wis 

Stearns Electric Corp., 
Milwaukee 2, Wis 

Warner Electric Brake & 
Beloit, Wis. 


Paul Ave., 


Co., Dynamatic Div., Ken- 


120 N. Broadway, 


Clutch Co 


BRASS, BRONZE and COPPER 
Commercial Forms) For Wire, 
and Cable, Bare. 


American Brass Company, Waterbury 20, 
Conn, (Also Tobin Bronze, Chromium 
Copper and Selenium Copper Alloys) 

American Nickeloid Co., Peru 3, Ill. (Pre- 
Finished Brass and Copper Sheet and 
Strip) 

Chase Brass & Copper ©o., Sub. of Ken 
necott Copper Corp., Waterbury 20, Conn 

Driver Co., Wilbur B., 150 Riverside Ave., 
Newark 4, N. J. 

Hussey & Co., C. G., Pittsburgh 19, 
Iisco Corp., 5745 Mariemont Ave., 
cinnati 27, Ohio (Copper Tubing) 
Revere Copper and Brass, Inc., 230 Park 

Ave., New York 17, N. ¥ 

Somers Brass Co., Inc., 110 Baldwin Ave 

Waterbury, Conn. (Strip) 


(All 
see Wire 


Pa 
Cin- 


BRAZING ALLOYS, SILVER 


American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J 
“4 Co., Inc., 113 Astor, Newark 5, 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 
General Plate Div., Metals and Controls 
Corp., 1905 Forest, Attleboro, Mass 
Handy & Harmon, 82 Fulton, New York 
38, N. Y. 
> a. 


& 


Ney Co., J. M., P. O. Box 990, Hartford 1. 
Conn 


. Ine., Indianapolis 


BRONZE. See Brass, 


Bronze and Copper: 
Phosphor Bronze. 


BRUSH CAPS 
Midwest Molding & Mfg. Co., 


Gurnee 96, 
iil. 


Phoenix Hlectric Mfg. Co. 


, 4211 W. Lake, 
Chicago 24, Il. 


BRUSHES: CARBON, GRAPHI 
METAL-GRAPHITE - 


National Carbon Co., Inc., A. Div. of 
Union Carbide & Carbon Corp., 30 E. 
42nd, New York 17, N. Y. 

Speer Carbon Co., St. Marys, Pa. 

Stackpole Carbon Co., St. Marys, Pa. 

United States Graphite Co., 1621 Holland, 
Saginaw 8, Mich. 

Westinghouse Jlectric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Wilson Co., H. A., Route 22, Union, N. J 


BRUSH HOLDERS See Holders, 
Commutator Brush. 


BUSHINGS 


Bearings. See Bearings and Bushings 

Composition. See Plastics Molders. 

Fibre. See Fibre, Vulcanized. 

Glass. See Glass, Technical. 

Hermetic Seal. See Seals and Terminals 
Hermetic. 

Mica. See Mica. 

Porcelain. See Ceramics 


Rubber. See Rubber and Rubber Prod- 
ucts. 


CABINETS, SHEET METAL. See Sheet 
Metal Fabricators. 


CABLE. See Wire and Cable. 


CABLE ASSEMBLIES and HARNESSES. 
See Harnesses and Assemblies, Wire. 


CAMBRIC, VARNISHED. See Fabrics 
Insulating. 


CAPACITORS 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. 

Aerovox Corp., New Bedford, Mass. 

Allen-Bradley Co., 1316 8S. Second, Mil- 


waukee 4, Wis. 
Centralab, Div. of Globe-Union 
Milwakee 1, Wis 


962 E. Keefe Ave., 
Cornell-Dubilier Electric Corp., South 
Technical Products 


Plainfield, N. J. 
Corning Glass Works. 
Div., Corning, N, Y. (Metallized Glass) 
Bitel-McCullough, Inc., San Bruno, Calif. 
-— Resistor Corp., Electronics Div., Erie 
a. 

Fanstee] Metallurgical Corp., North Chi- 
cago, Til. (Tantalum) 

General Electric Co., Apparatus Sales Div., 

Schenectady 5, N. Y. 

Glenco Corp., Gulton Industries, Inc., 212 

Durham Ave., Metuchen, N. J. 
Johnson Co., E. F., 2331 Second 

S. W., Waseca, Minn. 
a * Co., Inc., P. R., 


. Ind. 

Master Appliance Mfg. Co., Racine 2, Wis. 

Plastic Capacitors, Inc., 2620 N. Clybourn 
Ave., Chicago 14, IIL 

Potter Co., 1950 Sheridan Rd., North Chi- 
cago, Till. 

Radio Condenser Co., Davis & Copewood, 
Camden 3, N. J. 

Sangamo Electric Co., Electronic Compo- 
nents Div., Springfield, Til. 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

Stackpole Carbon Co., St. Marys, Pa. 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas. 


CAPS and PLUGS, PROTECTIVE 


Protective Closures Co., Inc., CaPlugs 
Div., 2201-3 Elmwood Ave., Buffalo 23, 
2 


CARBON and GRAPHITE: 
Electrodes, Anodes, 
Piles, Plates, 
ate.) 


Erie Resistor Corp 
Pa. 

General Ceramics Corp., Keasbey, N. J 

Speer Carbon Co., St Marys, Pa. 

Stackpole Carbon Co., St. Marys, Pa. 

United States Graphite Co., 1621 Holland, 
Saginaw, Mich. 


Inc., 


Ave., 
Indianapolis 


(Contacts, 
Bearings, Dises, 
Plungers, Rings, Seals, 


, Electronics Div., Erie 


CASTINGS, ALUMINUM and 
MAGNESIUM. See also Castings, 


Aluminum Co. of America, 
Pittsburgh 19, Pa. 
Twin City Die Casting Co 
Ave., 8. E 


Die 
Alcoa Bldg., 


, 33rd & Talmage 
, Minneapolis, Minn 


CASTINGS, BRASS, BRONZE, COPPER 
Philadelphia Bronze & Brass Corp., Sub. 


of P. R. Mallory & Co., Inc., 22nd and 
Master, Philadelphia 21, Pa. 


CASTINGS, DIE. 

Aluminum Co. of America, Alcoa Bidg.. 
Pittsburgh 19, Pa. 

Doehler-Jarvis Div. of National Lead Co., 
Toledo 1, Ohio 

Gries Reproducer Corp., 
Ave., New Rochelle, N. Y¥. (Zinc) 

Hoover Co., Die Casting Div., North 
Canton, Ohio 

Madison-Kipp Corp., 201 Waubesa, Madi- 


son 4, Wis. 
New Jersey Zinc Co., 160 Front, New 
(Zine Die Casting Al- 


York 38, N. Y. 
loys) 

Stewart Die Casting. A Div. of Stewart 
Warner Corp., 4535 W. Fullerton Ave., 
Chicago 39, Ii. 

Twin City Die Casting Co., 33rd & Talmage 
Ave., 8. E., Minneapolis, Minn 


CASTINGS INVESTMENT 
Allis-Chalmers, Milwaukee 1, 


149 Beechwood 


Wis 
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More than 3500 variations of 275 Stock Mold Parts 


MAKE YOUR PRODUCT 
For diversity in standard parts 
of thermosetting materials D x Ss Ti Pe Cc T 1 Vv Ee at “0 extra Cast 


(phenolic and urea) in all grades 
of heat and impact resistance, 
leading manufacturers in every 
phase of business rely on Harry 
Davies Molding Company to 
provide the most economical, 
varied, and distinctive designs 
in compression molded 


plastics. 


WRITE TODAY! 


Showing both stock 
mold parts and custom 


mold ports. 


HARRY DAVIES MOLDING COMPANY Makers of DAKA-WARE Products 


1428 North Wells Street ° Chicago 10, Illinois 


| FHP motors .-. engineered High i Impact- Strength. 


especially 
for your 
product 


High Temperature 


The new RAE M-20 or M-100 Motor. Ven- 
tilated or enclosed. Designed for quality 
but not expensive. Strong, rugged casting. 
Ball or sleeve bearings. Can be used with 
ony of RAE's geor units. 
Winding — 
M-20 — Universal or Shunt 
M-100—Permanent Magnet (DC Shunt) 


Voltage — 6 to 220 AC/DC or DC Shunt mo t ors | ones 
Max. H. P. — 1/30 Conti 
Weight — Approx. 2 =” New PHOENIX “Pemester” 


pis 


RAE engineers are recognized specialists in solving 
difficult FHP motor applications. By careful analysis 
and testing of your product, they can save you time 
and money in selecting the right motor. 

RAE offers outstanding service and “ay ina 
large variety of motors. Available in voltages up to 
250, and up to 1/6 H.P. (higher for intermittent 
duty) with many gearhead motor combinations. 
Find out how RAE motors can improve your prod- 
uct and reduce costs as they are doing for other 
leading manufacturers. 

*Send for the *‘RAE'’ Engineering Data Sheet. It will help you 
supply the data necessery for recommendations and prices. 


74, AC/DC Universal * DC Shunt Wound * 
DC Series Wound * Gear Reduction 
‘ a@ Ohkt) an @0):1amm Motors * Governor Controlled Motors * 


Motors for Rheostat Control * Motors for 


rate Ca Tel eet Electronic Control * Permanent Magnet 
Racine, Wisconsin Motors and Gearmotors. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


High performance Phoenix ‘‘Pemester’’ 
Brush Holders and Caps are for motors 
that get the really rugged duty... new 
“‘Pemester” material gives high-impact- 
strength, dimensional stability up to 
400°F.. and molds to close tolerances in 
any quantity . . . Available only from 
Phoenix in the complete ‘“Customized- 
Standard” line of sizes and types—or 
to your specifications. 


Write for full information contained 
in big, new, easy-to-use Phoenix Cata- 
log 57-E. Your copy free on request. 


4211 West Lake Street Chicago 24, Illinois 
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Te aa YS LT 
assures Maximum Stability in 


AMPERITE 


RELAYS ond REGULATORS 


STU ti CTS aT tle CT Mm ented Teel 


Thermostatic 
DELAY RELAYS 


2 to 180 Seconds 


@ Actuated by a heater, they 
operate on AC., D.C., or 
Pulsating Current. 


Hermetically sealed Not af- 
fected by altitude, moisture, 
or other climate changes. 


Circuits: SPST only — nor 
mally open or normally 
closed. 


Amperite Thermostatic Delay 
Relays are compensated for 
ambient temperature changes 
from —5S° to +70°C. Heaters 
consume approximately 2 W. and may be 
operated continuously. The units are most 
compact, rugged, explosion-proof, long- 


PROBLEM? Send for lived, and — very inexpensive! : 
Bulletin No. TR-81 oe need Radio Octal, and 9-Pin 


Also — Amperite Differential Relays: Used for auto- 
matic overload, under voltage or under-current protection. 


MINIATURE 


BALLAST REGULATORS 


Amperite Regulators are designed to keep the current in a circuit 

evtomatically regulated at a definite value (for example, 0.5 amp.) 

-.+For currents of 60 ma. to 5 amps. Operate on A.C. D.C.. Pul- 
sating Current. 


Hermetically sealed, they are not 
affected by changes in altitude, 
ambient temperature (— 55° to 
+90° C.), or humidity. Rugged, 
light, compact, most inexpensive. 


VOLTAGE OF 24V ' WITH AMPERITE 
BATTERY 6 CHARGER | VOLTAGE VARIES 
VARIES APPROX 


BATTERY VOLTAGE 


Write for 4-page Bulletin No. AB-51 


AMPERITE CO., Inc. y 
561 Broadway, New York 12, N.Y /. 
Telephone: CAnal 6-1446 


in Canada: Atlas Radio Corp., Ltd. 
50 Wingold Avenue, Toronto 10, Ontario 


Individual inspection 
and double-checking 
assures top quality 

of Amperite products. 





International Nickel Co., Inc., 67 Wall, 
New York 5, N. ¥. (Nickel and Alloys) 


CASTINGS, LEAD 


Twin City Die Casting Co., 38rd & Tal- 
mage Ave., 8. E. Minneapolis, Minn. 


CASTINGS, STEEL 


Lebanon Steel Foundry, 82 


Lehman, 
Lebanon, Pa, 


CATHODE RAY TUBES. See Tubes, 
Cathode Ray. 


CEMENT, INSULATING and SEALING 


Communication Products Co., Inc., Marl- 
boro (Monmouth County), N. J. 

du Pont de Nemours & Co., (Inc.), E. 1, 
Plastics Div., Polychemicals Dept., 
Wilmington 98, Del. 

Durez Plastics Div., Hooker Electrochem- 
ical Co., 1305 Walck Rd., N. Tona- 
wanda, N. Y. 

General Electric Co., Plastics Dept., 
Decatur, Ill. 

Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Ill. 
Zophar Mills, Inc., 112-130 26th, Brook- 

lyn $2, N. Y. 


CERAMICS 


Standard & Special Electrical 
Porcelain (low-volt) (A) 
Refractory Porcelain (B) 
High-voltage Porcelain (Cc) 
Cordierite (D) 
Zircon Porcelain (E) 
Steatite (Lava) (F) 
Titanates (G) 
Cement- Asbestos (H) 
Ferrites (1) 


Akron Porcelain Co., 2725 Cory Ave., 
Akron 14, Ohio (AB) 

American Lava Corp., Chattanooga 5, Tenn 
(CDEFG) 

Brush Electronics Corp., 3405 Perkins 
Ave., Cleveland 14, Ohio (G) 

Centralab, Div. of Globe-Union, Inc., 
962 EB. Keefe Ave., Milwaukee 1, Wis 
(EF) 

Ceramic Specialties Co., 444 W. 6th, East 
Liverpool, Ohio (ABCF) 

Colonial Insulator Co., 937 Grant, Akron 
11, Ohio (ABC) 

Erie Resistor Corp., Erie, Pa (G) 

ames Cems Corp., Keasbey, N. J. 
(BEFI) 

Knox Porcelain Corp., Knoxville 1, Tenn 
(ABC) 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. (Glass Bonded Mica) 

New Jersey Porcelain Co., New York Ave 
& Plum, Trenton 5, N. J. (ABF) 

Pass & Seymour, Inc Solvay Station, 
Syracuse 9, N. Y. (AF) 

Porcelain Products, Inc., West Sandusky, 
Findlay, Ohio 

Richardson Co., 
Til. (A) 

Restens Corp., 123 S. Earl Ave., Lafayette, 
nd 

Square, D. Co., 6060 Rivard, Detroit 11, 
Mich. (A) 

Stackpole Carbon Co., St. Marys, Pa. 

Star Porcelain Co., 41 Muirhead Ave., 
Trenton 9, N. J. (BF) 

Universal Clay Products Co., 1540 E. 

122 Lincoln, Sun 


2799 Lake, Melrose Park 


First, Sandusky, Ohio (A) 
Wisconsin Porcelain Co., 
Praire, Wis. (ABF) 


CHAMBERS, TEST 


Blue M Electric Co 
Blue Island, Il 


138th and Chatham, 


CHARGERS, BATTERY 


Ther Electric & Machine Works, 
Jefferson, Chicago 6, Ill. 


11A 8 


CHARGERS, MAGNET. See Magnetizers 
and Demagnetizers 


CHOPPERS, ELECTRONIC 


Oak Mfg. Co., 1258 Clybourn Ave., Chi- 
cago 10, Ill. 


CIRCUIT BREAKERS 


Allen-Bradley Co., 1816 8. Second, Mil- 
wakee 4, Wis. 

Allis-Chalmers, Milwaukee 1, Wis. 

Crouse-Hinds Co., Syracuse 1, N. Y. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

E-T-A Products Co. of America, 5085 N. 
Elston Ave., Chicago 50, Mil. 

Fasco Industries, Inc., Rochester 2, N. Y. 
yeneral Electric Co., “pose Sales Div., 


Schenectady 5, N. > 
Heinemann Electric Co,. 99 Plum, Tren- 
Jackson, Mich. 


ton 2, N. 

Mechanical Products, Inc., 

oe Corp., Dept. EM2, Glen Cove, 

Spencer Thermostat Div., Metals & Con- 
trols Corp., 3605 Forest Attleboro, Mass. 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis. 

Westinghouse Electric Corp., Gateway 
Center Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


CIRCUIT STRUCTURES, ELECTRONIC 


Vector Electronic Co., 3552 San Fernando 
Rd., Los Angeles 65, Calif. 


CIRCUITS, ETCHED, PRINTED, ETC. 


Aerovox Corp., New Bedford, Mass 

American Lava Corp., Chattanooga 5, Tenn. 

Centralab. Div. of Globe-Union, Inc., 
962 E_ Keefe Ave., Milwaukee 1, Wis. 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J. 


MAY 1957 


a Resistor Corp., Electronics Div., Erie. 
a. 
Mycalex Corp. of America, Clifton Bivd., 
Clifton, N. J, 
Radio Corp. of 
Harrisen, N. J. 
Sprague Electric Co., 
Adams, Mass 
United States Gasket Co., Plastics Div. of 
a Packing Co., Camden 1, 


America, Tube Div., 


307 Marshall, North 


CLAMPS and CLIPS, 
TEST 


Burndy Corp., 
Conn. 

Iiseo Corp., 5745 Mariemont Ave., Cin- 
cinnati 27, Ohio 
Mueller Electric Co. 
Cleveland 14, Ohio 
Sherman Manufacturing Co., H. B., 

Creek, Mich 
Thomas & Betts Co., Inc., 
Elizabeth 1, N. J. 


CLAMPS and CLIPS, SUPPORT 


Holub Industries, Inc., 445 Elm Syca- 
more. Ill 

Weckesser Co., 5256 N. 
Chicago 30, Ill 


CLEANING COMPOUNDS, METAL 


Zophar Mills, Inc., 112-130 26th, Brook- 
lyn 32, N. Y. 


GROUND and 


Omaton Div., Norwalk, 


1550W E. 3ist, 
Battle 
28 Butler 


Avondale Ave., 


CLIPS, SNAP. See Rings, Retainer and 
Snap. 


CLOTH, INSULATING. See Fabrics, In- 
sulating. 


CLOTH TRACING. 
Film and Paper. 


See Tracing Cloth, 


CLUTCHES, ELECTRIC 


Carlyle Johnson Machine Co,, 
Conn 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 
Eaton Mfg. Co. Dynamatic Div., Ken- 
osha, Wis 
Formsprag Co., 23605 Hoover Rd., Van 
Dyke, Mich 

Stearns Electric Corp., 120 N. Broadway 
Milwaukee 2, Wis. 

Vickers Electric Div., Vickers Inc., 1803 
Locust, St. Louis 3, Mo. 

Warner Electric Brake & Clutch Co.. 
Beloit, Wis. 


Manchester, 


COAXIAL CABLE. See Wire and Cable, 
Insulated. 


COIL CORES and FORMS 


American Lava Corp., Chattanooga 5 Tenn. 

Cambridge Thermionic Corp., 453 Con- 
cord Ave., Cambridge 38, Mass 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio 

Contimental-Diamend Fibre, a Sub. of The 
Budd Co., Newark 13, Del. 

Cosmo Plastics Co., 3239 W. 14th, Cleve- 
land 9, Ohio 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 

Hycor Div. of International Resistance Co., 
12976 Bradley Ave., Sylmar 10, Calif. 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Orange Products Inc., 554 Mitchell, Orange 
N. J 


612 Lafay- 
Precision Paper Tube “Co., 2035 W. 
Charleston, Chicago 47, Tu. 
Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Til 
Resinite Corp., Div. of Precision Paper 
Tube Co., 6980 North Central Park, 


Chicago 45, Til. 
Stackpole Carbon Co., St. Marys, Pa., 
(Screw-type, Molded Iron) 
United States Gasket Co., Plastics Div. of 
The Garlock Packing Co., Camden 1, 
N. J. 


Paramount Paper Tube Co., 
ette, Fort Wayne 2, Ind. 


COILS and WINDINGS 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 

Anderson Controls, Inc., 2777 Mannheim 
Rd., Des ‘Plaines, Il. 

Caledonia Electronics & Transformer Corp. 
Dept. EM-11, Caledonia, N. Y. 

Cambridge Thermionic Corp., 453 Concord 
Ave., Cambridge 38, Mass. 

Comar Electric Co., 3349 W. Addison, 
Chicago 18, Ill. 

Corning Glass Works, Technical Products 
Div., Corning, N. Y¥. (Glass Inductance) 

Cogo-Coil Co., Inc., 63 Pavilion Ave., 
Providence 5, i. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Dano Electric Co., 93 Main, Winsted, 
Conn. 

Deluxe Coils, Inc., 1800 First, Wabash, 
Ind 

Dormeyer Industries, 3414 Milwaukee Ave., 
Chicago, Ill. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Apparatus Sales 
Diy., Schenectady 5, N. Y. 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 

Master Appliance Mfg. Co., Racine 2, Wis. 

Nothelfer Winding Laboratories, P. 0. 
Box 455, Dept. 101, Trenton 3, N. J. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Standard Electrical Products Co., 2240 
E. Third, Dayton 3, Ohio 


ELECTRICAL MANUFACTURING 





Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6, Ill 

Universal Manufacturing Co., Inc., 418 
Hillside Ave., Hillside, N. J. 


COIL WINDING MACHINES 


Boesch Manufacturing Co., Inc. 
Conn. 


on "nang Equipment Co., Oyster Bay, 


, Danbury, 


Fort Wayne Tool, Die & Engineering Co., 
1025 Goshen Rd Fort Wayne. Ind 

Rex Rheostat Co., Baldwin, L. I., N. Y. 

Universal Manufacturing (Co., Inc., 418 
Hillside Ave., Hillside, N. J. 

Universal Winding Co., P.O. Box 1605 
Providence 1, R. I 


COLD HEADED PARTS. See Fasteners. 


COLLARS, SHAFT 


Climax Metal Products Co., 
140th, Cleveland 10, Ohio 


COMMUTATORS 


Kirkwood Commutator Co 
Cleveland 11, Ohio 
ene Molding & Mfg. Co., Gurnee 96, 
1. 

Nippert Electric Products Co., 1759 W. 
Mound, Columbus 23, Ohio 

Toledo Commutator Co., South Chestnut, 
Owosso, Mich. 

Westinghouse Electric Corp., Gateway Cen- 
ter Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


863 East 


, 4855 W. 130th 


COMMUTATOR SAWS and SLOTTERS 

Holub Industries, Inc., 445 Elm, Syca- 
more, Ill. 

Ideal Industries, Inc., 1008 Park Ave., 

Sycamore, Il. 


COMPARATORS, OPTICAL 


Bausch & Lomb Optical Co., 84717 St. Paul, 
Rochester 2, N. Y 


COMPOUNDS, SEALING. See Cement, 
Insulating and Sealing; also Waxes and 
Compounds. 


COMPOUNDS, VARNISH. See Varnishes, 
Compounds and Resins, Insulating. 


COMPUTER COMPONENTS 


Airpax Products Co., Middle River, Balti- 
more 20, Md. 

Erie Plectro-Mechanical Div., Erie Resis- 
tor Corp., Erie 6, Pa 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

——- & Co., Inc., G. M. Pasadena 1, 
~alif. 

Gulton Mfg. Corp., Gulton Industries, 
Inc., 212 Durham Ave., Metuchen, N. J 

Texas Instruments Incorporated, 6000 
Lemmon Ave., Dallas 9, Texas 


CONDENSERS. See Capacitors. 


CONDUIT FITTINGS 

Appleton Electric Co., 1723 Wellington 
Ave., Chicago 13, III. 

Buchanan Electrical Products Corp., 225 
Rte. 22, Hillside, N. J. 

Crouse-Hinds Co., Syracuse 1, N. ¥ 

Ideal-Simplet Fittings, Inc.. Sub. of Ideal 
Industries, Inc., 1008 Park Ave., Syca- 
more, IL 


CONNECTORS, PRINTED CIRCUIT 


Amphenol Electronics Corp., 1830 8. 54th 
Ave., Chicago 54, Ill. 


CONNECTORS, WIRE and CABLE 


AMP Incorporated, 2100 Paxton, Harris- 
burg, Pa. 

American Brass Co., Waterbury 20, Conn. 

Amphenol Electronics Corp., 1830 8. 54th 
Ave., Chicago 54, Ill. 

Bendix Aviation Corp., Scintilla Div., 
Sidney, N. Y. 

Buchanan Electrical Products Corp., 225 
Bte. 2, Hillside, N. J. 

a Corp., Omaton Div., Norwalk, 
onn 


Cannon Electric Co., Dept. 500, 3209 
Humboldt, Los Angeles 31, Calif. 
Crouse-Hinds Co., Syracuse 1, N. Y¥. 
General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn. 

Gulton a6, Corp., Gulton Industries, 
Inc., 212 Durham Ave., Metuchen, N. J 

Holub Industries, Inc., 445 Elm, Syca- 
more, Il. 

Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, Iii. 

Iisco Corp., 5745 Mariemont Ave., Cin- 
cinnati 27, Ohio 

Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, IIL 

Johnson Co., E. F., 2831 Second Ave.. 
S.W., Waseca, Minn. 

Krueger & Hudepohl, 1043 Evans, Cin- 
cinnati 4, Ohio 

Pass & Seymour, Inc., Solvay Station. 
Syracuse 9, N. Y. 

Sherman Manufacturing Co., H. B. 
Battle Creek, Mich. 

Switeheraft, Ine., 1828 N. Halsted, Chi 
cago 22, Il. 

Thomas & Betts Oo., Inc., 28 Butler 
Elizabeth 1, N. J. 


CONTACTORS, MAGNETIC. See Relays 
and Contactors. 


CONTACTS and CONTACT POINTS 


American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J. 
bee & Co., Inc., 113 Astor, Newark 5. 


Brainin Co., C. 8., 
Vernon, N. Y 
Deringer Metallurgical Corp., 8129 Monti 

cello Ave., Skokie, Ill. 
Bitel-McCullough, Ine., San Bruno, Calif 
Fansteel Metallurgical Corp., North Chi 

cago, Ill 
General Plate Div., Metals and Controls 

Corp 1905 Forest, Attleboro, Mass 
Gibson Electric Co., 8349 Frankstown Ave 

Pittsburgh 21, Pa. 

Mallory & Co., Inc., P. BR., Indianapolis 

6, Ind. 

Ney Co., J. M., P.O. Box 990, Hartford 

1, Conn. 

Stackpole Carbon Co., St. Marys, Pa. 
Wilson Co., H. A., Route 22, Union, N. J 


218 Washington, Mt 


CONTACTS, CARBON. See Carbon and 
Graphite. 


CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Co., Kenilworth 1, N. J 


CONTRACT MANUFACTURING 


Aluminum Goods Manufacturing Co. 
Manitowoc, Wis. 

Chase Brass & Copper Co., Sub of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

~~ National Watch Co., Micronics Div 
Sigin, Tl 

Kirk and Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio. 

Master Appliance Mfg. Co., Racine 2, Wis 

Standard Tool & Mig Co., 238 Laure) 
Ave., Arlington, N. J. 


CONTROLLERS, MOTOR 


Allen-Bradley Co., 1816 S. Second, Milwau 
kee 4, Wis 

Allis-Chalmers, Milwaukee 1, Wis. 

Arrow-Hart & Hegeman Electric Co., 108 
Hawthorne, Hartford 6, Conn. 

Bristol Co., Waterbury 20, Conn. 

Clark Controller ©o., 1146 E. 152nd 
Cleveland 10, Ohio 

Crouse-Hinds Co., Syracuse 1, N. Y. 

Cutler-Hammer Inc., 1264 St. Paul Ave. 
Milwaukee 1, Wis. 

Electro Products Laboratories, Inc., 450) 
N. Ravenswood Ave., Chicago 40, IL 

Eseco Works, Delta-Star Div., H. K 
Porter Co., Inc., Lockport, Tl. 

Federa! Pacific Electric Co., 50 Paris. 
Newark 1. N. J 

Furnas Electric Co., 1624 McKee, Batavia. 
tl 

General Electric Co., Apparatus 
Div., Schenectady 5, N. Y. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

, 4041 N. Richards, Milwau- 


Sales 


Locust, St. Louis 3, Mo. 
Ward Leonard Electric Co., 34 South 
Mount Vernon, N. Y. 


CONTROLLERS, POTENTIOMETER 


Bristol Co., Waterbury 20, Conn. 
Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy- 
sen Ave., Newark 5. N._J. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 


CONTROLS, FLOAT and LIQUID 
LEVEL. See Switches. 


CONTROLS, PRESSURE and TEMPER- 
ATURE. See also Relays, Switches 
Thermostats. 


Allen-Bradley Co., 1316 S. Second, Milwau- 
kee 4, Wis. 

Assembly Products, Inc., Chesterland 14 
Ohio 

Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa. 

Barber-Colman Co., Dept. Q, 1803 Rock, 
Rockford, Ill. 

Bourns Laboratories, P.O. Box 2112, River- 
side, Calif 

Bristol Co., Waterbury 20, Conn. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Fenwal Inc., 15 Pleasant, Ashland, Mass. 

G-V Controls, Inc., 8 Hollywood Plaza, 
Hast Orange, N. bs 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

McGraw-Edison Co., Instrument Div., 
Dept. 53, West Orange, N. J. 

Mercoid Corp., 4201 Belmont Ave., Chi- 
eago 41, Ill 

Robertshaw Fulton Controls @o., Acro 
Div., Columbus 16, Ohio 

Spencer Thermostat Div., Metals & Con- 
trols Corp., 3605 Forest, Attleboro, Mass 

Square D Co., 4041 N. Richards, Milwau 
kee 12, Wis 1 

Ulgnes, O.. George, 413 Market, Newark 
5, N. J. 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy- 
sen Ave., Newark 5. N.J 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 

Wiegand Co., Edwin L. 7530 Thomas 
Blvd., Pittsburgh 8, Pa. 


CONTROLS, PUSH-PULL 


Arens Controls, 2017 Greenleaf, Evanston, 
Til. 


CONTROLS, REMOTE. See Push Button 
Stations; Relays and Contactors; 
Switches. 


CONTROLS, RESISTANCE. See Resistors; | 


also Rheostats. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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ELECTRICAL PORCELAIN 


built to your drawings and 
specifications. Send us 
your inquiries. 





ARNOLD Y, “TOROIDAL COIL WINDER 


sets up quickly... easy to operate... 
takes wide range of wire sizes 


SPECIFICATIONS: 


@ Min, finished hole size: .18 in. 
Max, finished toroid O.D.;: 4.0 in. 
Winding speed: 1500 turns/min. 
Wire range: AWG 44 to AWG 26 
Dual, self-checking turns Counting system 
Loading (wire length) counter 
Core range: ¥%4” 1.D, to 4” O.D. to 144” high 


LABORATORY USE 


®@ Change wire ond core size in 45 sec. 


PRODUCTION USE 


@ 1500 turns per minute 
@ Insert core and load in 20 sec. 


write or telephone for literature 
ARNOLD MAGNETICS CORP. 


+ 4615 W. Jefferson Bivd., Los Angeles 16, Calif. 
REpublic 1-6344 


Called “FOPS” By Every User! 


STILL-MAN 


ELECTRIC TUBULAR 
HEATING ELEMENTS 


*& TOP PERFORMERS 
* TOP QUALITY 
*% TOP WORKMANSHIP 


at LOW COST TO YOU! 


Built for application wherever space limitations, 
long life, fast heat and high efficiency are factors 
in design. 
Millions are now in use as standard equipment in 
America's leading nationally advertised electrical 
appliances. 


Available in copper, cold rolled steel and acid 
resisting steel alloy in standard sheath diameters for 
casting-in or immersion use. When writing, specify 
use, wattage and maximum temperature require- 
ments. An inquiry, NOW, will prove profitable to 
you! 


STILL-MAN MANUFACTURING CORP. 
431 EAST 164 ST., NEW YORK 56, N.Y. 


CONTROLS, SERVO. Seo Servomecha 
nisms 


CONVERTERS, ROTARY 


Carter Motor Co., 2708 W. George, Chi- 
cago 18, Ill 


COPPER. See Brass, Bronze and Copper 


COPPER, BERYLLIUM. See Beryllium, 
Copper. 


CORD and TWINE, ARMATURE and 
COIL 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill. 

Mica Insulator Co., Sub of Minnesota 
Mining & Manufacturing Co., Schenec- 
tady 1, N. Y¥ 

Varflex Corp., 504 W. Court, Rome, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave.. 
Pittsburgh 22, Pa. 


CORD, INSULATED. See Wire and 
Cable, Insulated 


CORD, RESISTANCE LINE. See Resist 
ance Line Cords 


CORD SETS 

Belden Manufacturing Co., 4633 W. Van 
Buren, Chicago 44, IIL 

Circle F Mfg. Co., Trenton 4, N. J 

Cornish Wire Co., Inc., 50 Church, New 
York 7, N. Y. 

Cords Ltd. Div., Essex Wire Corp., 121 
Dodge, DeKalb, Ill 

Cocos Co., Carol Cable Div., Pawtucket, 
R 


General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Phalo Plastics Corp., Commercial & Fos 
ter, Worcester 8, Mass. 

Royal Electric Corp., Pawtucket, R. I 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Wire Stripper Co., 1729 Eastham Ave., 
East Cleveland 12, Ohio 


CORES, POWDERED METAL. See Cores, 
Transformer; Powdered Metal Products 


CORES, REFRACTORY. See Ceramics 


CORES, TRANSFORMER 


Acme Electric Corp., Cuba, N. ¥ 

American Lava Corp., Chattanooga 5, 
Tenn. 

Arnold Engineering Co., Marengo, Ill 

General Ceramics Corp., Keasbey, N. J 

Magnetic Metals Co., Hayes Ave., at 21st 
Camden 1, N. J 

Magnetics, Inc., Dept. 
Pa 

Radio Cores, Inc., 
Lawn, Ill. 

Stackpole Carbon Co., St. Marys, Pa 

Thomas & Skinner,, Inc., 1114 E. 23rd, 
Indianapolis 7. Ind. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


EM-36, Butler 


9540 Tulley Ave., Oak 


CORK and CORK COMPOSITIONS 


Armstrong Cork Co., 7005 Ingersol, Lan 
caster, Pa 


COUNTERS. See also Instruments, Elec 
tronic; Relays 

Autometic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa 

Berkeley Div. of Beckman Instruments, 
Inc., 2200 Wright Ave., Richmond 3,, 
Calif 

Boesch Manufacturing Co., Inc., Danbury, 
Conn 

Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave., Fort Wayne, Ind. 

Bristol Co., Waterbury 20, Conn 

Counter & Control Corp., 5225 W. Electric 
Ave., Milwaukee 14, Wis 

Eagle Signal Corp., 202 20th, Moline 1, 
nl 

Kellogg Switchboard and Supply Co., 7? 
W. Monroe, Chicago 3, Ill 

Production Instrument Co., 700-04 W 
Jackson Blvd., Chicago 6, Ill. 

Veeder-Root, Inc., Hartford 2, Conn 


COUPLINGS, CLUTCH. See Clutches. 


COUPLINGS, FLEXIBLE 


Climax Metal Products Co., 
140th, Cleveland 10, Ohio 
Eaton Mfg. Co., Dynamatic Div., Ken 
osha, Wis. 

Guardian Products Corp., 1215 E. Second, 
Michigan City, Ind. 

Lovejoy Flexible Coupling Co 4802 W 
Lake, Chicago 44, Ill. 


863 East 


CRYSTAL DIODES. See Rectifiers, Semit- 
conductor; Transistors and = Crystal 
Diodes. 


CRYSTALS, QUARTZ 


Brush Electronics Co., 3405 Perkins Ave., 
Cleveland 14, Ohio 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 


CYLINDERS, AIR 


Mead Specialties Co., 4114 N. Knox Ave., 
Dept. B-47, Chicago 41, Ill 


DELAY LINES. See Computer Compo 
nents 


DIAL LIGHT ASSEMBLIES. See Lights 
Pilet and Indicator. 


DIALS 


Borg Equipment Div., George W. Borg 
Corp., Janesville, Wis. 

Helipot Corp., Div. of Beckman Instru- 
“ments, Inc., Newport Beach, Calif. 
Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenec- 
tady 1, N. Y. 


DIE CASTINGS. See Castings, Die. 


DIELECTRIC HEATING UNITS. See 
High Frequency Heating Units 


DIE-SETTING TOOLS 
Wales-Strippit Co., Akron, N. Y 


DIES, PRECISION, LAMINATION, Ete 


Sylvania Electric Products, Inc., 1740 
Broadway. New York 19, N. Y. 

Twin City Die Casting Co., 33rd & Talmage 
Ave., 8S. E., Minneapolis, Minn. 


DIODES. See Rectifiers, Semiconductor; 
Transistors and Crystal Diodes 


DRAFTING EQUIPMENT and 
MATERIALS 


Keuffel & Esser Co., Hoboken, N. J 
Ozalid, A Div. of General Aniline & 
Film Corp., Johnson City, N. Y 


DRIVES, BELT 


Allis-Chalmers, Milwaukee 1, Wis 
Dayton Rubber Co., Ind. O.E.M. Div 
Dayton 1, Ohio. 

New York Belting & Packing Co.., 
Market St., Passaic, N. J 


DRIVES, ELECTRONIC. See also Speed 
Keducers and Drives. 


Eaton Mfg. Co., Dynamatic Div., Ken 
osha, Wis 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y 

Reliance Blectric & Engineering Co., 24701 
Buclid Ave., Cleveland 17, Ohio 

Servospeed Co. Div of Electro-Devices 
Inc., 4 Godwin Ave., Paterson 1, N. J 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


DUCTS, WIRING (Control Panel) 


Spaulding Fibre Co., Inc., Tonawanda, 
N. ¥ 

Stahlin Brothers Fibre Works, Inc., Dept 
E, Belding, Mich. 

Taylor Electric, Inc., 15406 Dale, Detroit 
23, Mich. 


DUPLICATING MACHINES, DIELESS. 
See Benders, Brake and Shears. 


DYNAMOMETERS 


Chatillon & Sons, John, 85 Cliff, New 
York 38, N. Y 

Eaton Mfg. Co., 
osha, Wis 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Robbins & Myers, Inc., Springfield, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


Dynamatic Div.,, Ken- 


DYNAMOTORS 


Carter Motor Co., 2708 W. George, Chi 
cago 18, Ill. 


ELECTRICAL SHEETS. See Steel, Elec 
trical. 


ELECTRONIC COMPONENTS. See spe 
cific headings. 


ELECTRONIC TUBE COMPONENTS. 
(Bases, Caps, Lead-in Wires, Stamp- 
ings, Welds, Etc.) 


American Lava Corp., 
Tenn. 

Eitel-McCullough, Inc., San Bruno, Calif 

Engineering Co., 27 Wright, Newark 5, 
N. J. 


Chattanooga 5, 


ENAMELING SHEETS. See Steel, Com- 
mercial Forms and Grades. 


ENAMELS. See Lacquers, Enamels. Paints 
and Varnishes, Finishing. 


EYELETS and GROMMETS 


Chase Brass & Copper Co., Sub. of Ken 
necott Copper Corp., Waterbury 20, Conn. 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill. 

Goshen Rubber Co., Inc., P. O. Box 517, 
Goshen, Ind. 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N . 

Roth Rubber Co., 1860 8S. 54th Ave., 
Chicago 50, Ill. 

United States Gasket Co., Plastics Div. 
of The Garlock Packing Co., Camden 1, 
N. J. 
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FABRICS, INSULATING. (Sheets, Tapes, 
Yarns, Thread, Cord, Ete.) 
Glass Fiber, Varnished Cambric, Cotton, 
Linen, Silk, Asbestos, etc. See also 
Tape and Sheeting, Synthetic Resin; 
Tubing and Sleeving, Braided Fabric. 


Acme Wire Co., 1225 Dixwell Ave., New 
Haven 14, Conn. 

Bentley, Harris Mfg. Co., 1205 Barclay, 
Conshohocken, Pa. 

Brand & Co., Inc., William, Willimantic, 
Conn. 

Celanese Corp. of America, 290 Ferry, 
Newark 5, N. J. 

Continental-Diamond Fibre Co., Newark 
13, Del. 

Cottrell Paper Co., Inc., 88 Purchase, Fall 
River, Mass. 

Electro-Technical Products, Div. of Sun 
Chemical Corp., Nutley 10, N. J. 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

Gudebrod Bros. Silk Co., Inc., 12 8. 12th, 
Philadelphia 7, Pa. 

Hess, Goldsmith & Co., Inc., Horace 
Linton Div., 1400 Broadway, New York 
18, N. ¥ 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Tl. 

Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J. 

See Germs, Box 14, New York 16, 
N. . 

Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, IIl. 
L. O. F. Glass Fibers Co., 1810 Madison 

Ave., Toledo 1, Ohio 

Mica Insulator Co., Sub. of Minnesota 
Mining and Manufacturing Co., Sche- 
nectady 1, N. Y. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 90@ Fauquier Ave., St. 
Paul 6, Minn. 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 

New Jersey Wood Finishing Co.,, Elec- 
trical Insulation Dept., Woodbridge, 
N. J. 

Owens-Corning Fiberglas Corp, 598 Ma- 
dison Ave., New York 22, N. Y. 

Raybestos-Manhattan, Inc., Plastic Pro- 
ducts Div., Manheim, Pa. 

Varfiex Corp., 504 W. Court, Rome, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


FANS and BLOWERS 


Diehl Manufacturing Co., Electrical Div. 
of The Singer Manufacturing Co., Som- 
erville, N. J. 

Eastern Air Devices, Inc., 383 Central 
Ave., Dover, N. H. 

El Ray Motor Co., Inc., 11747 Vose, N. 
Hollywood, Calif. 

waewes Electric Mfg. Co., St. Louis 21, 

0. 

Fasco Industries, Inc., Rochester 2, N. Y. 

Globe Industries, Inc., Dayton 4, Ohio 

Heinze Electric Co., 685 Lawrence, Low- 
ell, Mass. 

Master Appliance Mfg. Co., 
Wis. 

Robbins & Myers, Inc., Propeller Div., 
Springfield, Ohio 

Torrington Manufacturing Co., Torring- 
ton, Conn. 
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FASTENERS (Bolts and Nuts; Lock and 
Snap Assemblies; Pins; Pre-assembled 
Washers and Screws; Recessed Head 
Serews; Rivets; Screws; Washers.) 


Bolts and Nuts 


Machine Bolts and Nuts (A) 

Stove Bolts (B) 

Self-Locking Nuts (C) 

Sheet Metal Lock Spring Assembly Nuts 
(D) 

Screw Thread Inserts (E) 

Cold Headed and Rolled Threaded Pins, 
Studs and Special Parts (F) 

Cap Nuts (G) 

Spade Bolts (S) 

Welding Nuts (Clinch-on) (N) 

Wing Nuts (W) 


Aluminum Co. of America, Alcoa Bldg., 
Pittsburgh 19, Pa. (A) 

Bristol Co., Waterbury 20, Conn. (A) 

Burndy Corp., Omaton Div., Norwalk, 
Conn. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 
(ABCF) 

Cleveland Cap Screw Co.,, 4444-11 Lee 
Road, Cleveland 28, Ohio 

Continental Screw Co., New Bedford, 
Mass. (AB) 

Elastic Stop Nut Corp. of America, Dept. 
N82-422, 2330 Vauxhall Rd., Union, 
N. J. (ACDEN) 

Elco Tool and Screw Corp., 1800 Broad- 
way, Rockford, Ill. (ABF) 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill. 
Gries Reproducer Corp.. 149 Beechwood 
Ave., New Rochelle, N. Y. (GW) 
Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Ill. (ABC) 

Haseall, Inc., Jom P.O. Box 2225 
Westbury, L. I., N. Y. (F) 

Heli-Coil Corp., 208 Shelter Rock Lane, 
Danbury, Conn. 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. ¥. (AB) 

Milford Rivet & Machine Go., Milford 
Conn. (BF) 

National Lock Co., Rockford, Ml. (A) 


Palnut Co., Sub. of United-Carr Fastener 
Corp., 66 Glen Rd., Mountainside, N. J 
(C) 

Parker-Kalon Div., General American 
Transportation Corp., Entin Rd., Clif- 
ton, N. J. (AB) 

Prestole Corp., 1303 Miami, Toledo 5, 
Ohio (D) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. (ABF) 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Ill. (C) 

Standard Pressed Steel Co., Jenkintown 9, 
Pa. (AN) 

Sterling Bolt Co., 363 W. Erie, Chicago 
Il. (ABF) 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 514 N. Dear- 
born, Chicago 10, Ill. (C) 

Tinnerman Products, Inc., P. O. Box 6688, 
Cleveland 1, Ohio (D) 

United-Carr Fastener Corp., 
42, Mass. (ACDE) 

Wenco Mfg. Co., 1136 W. Hubbard, Chi- 
eago 22, Ill. (8) 


Cambridge 


Lock & Snap Assemblies (Door Panel, 
Shelf Support and Mounting, etc.) 
Dimco-Gray Co., 210 EB. 6th, Dayton 2, 

Ohio 
Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill. 
Simmons Fastener Corp., 1752 N. Broad- 
way, Albany 1, N. Y. 


Pins—Cotter (F); Locking and Taper 
(G); Spiral Coil (M) 


Chase Brass & Copper Co., Sub of Ken- 
necott Copper Corp., Waterbury 20, 
Conn. (F) 

Elastic Stop Nut Corp. of America, Dept 
N82-422, 2330 Vauxhall Rd., Union 
N. J. 

Sterling Bolt Co., 363 W. Erie, Chicago, 
Til. 


Pre-Assembled Washers and Screws 
Continental Screw Co., New Bedford, Mass 
National Lock Co., Rockford, TL 
Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 
Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Ill. 
Thompson-Bremer & Co., Sub American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, Til. 
United-Carr Fastener Corp., 
42, Mass. 


Cambridge 


Recessed Head Screws 


Bristol Co., Waterbury 26, Conn. 

Central Screw Co., 3501 Shields 
Chicago 9, Tl. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Continental Screw Co., New Bedford, 
Mass. 

Eleo Tool & Screw Corp., Rockford, Ill 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Iil. 

Heli-Coil Corp., 208 Shelter Rock Lane, 
Danbury, Conn. 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y. 

Milford Rivet & Machine Co., Milford, 
Conn. 

National Lock Co., Rockford, Ill. 

Parker-Kalon Div., General American 
Transportation Corp., Entin Rd., Clif- 
ton, N. J 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Il. 

Standard Pressed Steel Co., Jenkintown 9 
Pa. 

Sterling Bolt Co., 363 W. Erie, Chicago, 
Ill 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, Il. 


Ave., 


Rivets 


Aluminum Co. of America, Alcoa Bidg. 
Pittsburgh 19, Pa. 

Chase Brass & Copper Co., Sub. of Ken 
necott Copper Corp., Waterbury 20, Conn 

Chicago Rivet & Machine Co., 9609 W 
Jackson Blvd., Bellwood, Il. 

Continental Screw Co., New Bedford, 
Mass 

Deringer Metallurgical Corp., 8129 Mon- 
ticello Ave., Skokie, Ill. 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill. 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Il. 

Hassall, Inc., John, P.O. Box 
bury, L. L, N. Y. 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y. 

Milford Rivet & Machine Co., Milford, 
Conn. 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Sterling Bolt Co., 363 W. Erie, Chicago, 
Ti. 


West 


Screws—Cap and Set, Machine (H); Self- 
Tapping (J) 


Allen Manufacturing Co., 
Hartford 5, Conn. 

Aluminum Co. of America, Alcoa Bldg., 
Pittsburgh 19, Pa. 

Bristol Co., Waterbury 20, Conn. (H) 

Chase Brass & Copper Co., Sub. of Ken- 
pooets Copper Corp., Waterbury 20, Conn. 
(KL) 
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READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


NOISE 


Bothers The Patient 


As Well As The Drilling 


Scott Sound Level Meter Aids 
The S. S. White Dental Mfg. Company 


To Produce a Quieter Dental Instrument 


The Noise of modern high-speed dental 


equipment can be very annoying to patients. 
White's engineers use the Scott 410-C Sound 
Level Meter in production testing of their new 
ball-bearing hand piece to insure that the noise 
of finished instruments does not exceed the 


standard set for them 


Completely Portable Sound 
Level Meter Helps YOU 
Design A Quieter Product 


A quiet product gives you an important sales advantage. 
H. H. Scott’s sound Level Meter, and Sound Analyzer can 
help you locate, measure and minimize noise and vibration. 
Here are important features of the Scott Sound Level 


Meter and Sound Analyzer. 


© Sound Level Meter is flash-light size 
weighing only 2 tb. 7 oz. Sound analyzer 
is only 10” x 10" x 6” 


© Extreme portability and battery power 
of these instruments makes them easy to 
set up and use in field measurements 


© Both instruments meet all applicable 


Fill out coupon! Learn how the Scott 
Sound Meter and Analyzer can 


Zone 


Cable Code: TELESCOMM. 


Send me complete information on Scott Sound Level 


Meters and Analyzers and your FREE booklet 
“NOISE SIMPLIFIED.” 


Export — Telesco International, 36 W. 44th St., New York City. 


standards of the American Standards 
Association. 


© Sound Analyzer has Passband adjust- 
able in half octaves for more precise 
measurements. 


© Sound Level Meter received the Elec- 
trical Manufacturing Award for outstand- 
ing design. 


° 
help you 


H. H. Scott — Dept. =-5 
385 Putnam Avenue 
Cambridge, Massachusetts 


Firm Name. . 


State 


385 





DIMCO-GRAY Tem ELLs 
AUC SL 


NO TOOL CHARGE! 


Wide selection of stock knobs, handles 
and plastic parts available without tool- 
ing cost to you! Many minor changes, 
: cas | (color, design, inserts, threads, special 
ee ; materials, etc.) can be made to meet your 
“ae requirements. 
WRITE FOR THI 
COMPLETE CATALOG! 


DIMCO-GRAY COMPANY 


210 EAST SIXTH STREET — DAYTON 2, OHIO 


AGASTAT 


time delay 


Now you can select exactly the right Agastat time delay relay 
for your particular timing need—in a hurry. This free selec- 
tion chart lists data on every popular model in the Agastat 
line—the most complete line of pneumatic time delay relays 
in the industry. They’re adjustable for timing from 0.1 second 
to 10 or more minutes, unaffected by voltage variation, dust- 
proof, light, and mountable in any position. And there’s an 
Agastat model to precisely fit your requirements, including 
two-step, electrical interlock and double head units. A glance 
at the free selection chart tells you which model to order. 


Write for your free copy to Dept. A26-521 


Elastic Stop Nut Corporation 
of America 


_ 


1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing. 


OR AR TIO], | 





Continental 
Mass. (HJ) 

Elco Tool and Screw Corp., 
way, Rockford, Ill, (HJ) 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Til. (J) 
Hassall, Inc., John, P.O. Box 2225, West- 
bury, L. I., N. Y. (H3» 
Keystone Bolt & Nut Corp., 
New York 7, N. Y. (HJ) 
Milford Rivet & Machine Co., Milford, 
Conn. (HJ) 

National Lock Co., Rockford, Ill. (J) 

Parker-Kalon Div., General American 
Transportation Corp., Entin Rd., Clif- 
ton, N. J. (HJ) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y 

Set Screw & Manufacturing Co., 112 
Main, Bartlett, Ill. (H) 

Shakeproof Div. of Illinois Tool 
St. Charles Rd., Elgin, Ml. (J) 

Standard Pressed Steel Co., Jenkintown 9, 
Pa. (H) 

Sterling Bolt Co., 
10, Il. (HJ) 

United-Carr Fastener 
42, Mass. (HJ) 


Screw Co., New Bedford, 


1800 Broad- 


127 Church, 


Works, 


363 W. Erie, Chicago 


Corp., Cambridge 


Washers—Filat (K); Lock and Spring (L) 

Associated Spring Corp., Bristol, Conn. 
(KL) 

Auburn Manufacturing Co., 
Middletown, Conn 

Barnes Co Wallace, Div Associated 
Spring Corp., Bristol, Conn. (KL) 

Barnes-Gibson-Raymond Div., Associated 
Spring Corp 40300 Plymouth Rd, 
Plymouth, Mich. 

B-G-R Cook Plant Div., Associated Spring 
Corp., Ann Arbor, Mich. (KL) 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Continental Screw Co., New Bedford 
Mass (KL) 

Cosmo Plastics Co., 3239 W. 
land 9, Ohio (K) 

Dunbar Bros. Co., Div 
Corp Bristol, Conn 

Garrett Co., Inc., George K., Philadelphia 
34, Pa. (KL) 

Gibson Co., William D., 
Spring Corp., 1800 Clybourn Ave., Chi- 
cago 14, Til. (KL) 

Harper Co. H. M., 8204 Lehigh Ave., 
Morton Grove, Ill. (L) 

—_ Wrought Washer Co., Joliet, Illinois 
(B) 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y. (KL) 

Manross & Sons Co., F. N., Div. Asso- 
ciated Spring Corp., Bristol, Conn. (KL) 

Milwaukee Div., Associated Spring Corp., 
341 E. Erie, Milwaukee, Wis. (KL) 

National Lock Wesher Co., 40 Hermon, 
Newark 5, N. J. (L) 

Ohio Div., Associated Spring Corp., 
E. ist, Dayton, Ohio (KL) 

Palnut Co., Sub. of United-Carr Fastener 
Corp , 66 Glen Rd., Mountainside, N. J. 

Raymond Mfg 
Corp., Corry, Pa. (KL) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Ml. (L) 

ae Bolt Co., 363 W. Erie, Chicago, 

1, 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 514 N. Dear- 
born, Chicago 10, Ill. (KL) 

United-Carr Fastener Corp., 
12, Mass. (L) 


FELT 


American Felt Glenville Rd., 
Glenville, Conn. 

Continental Felt Co., Inc. 22-26 West 
15th, New York 11, N. Y. 

Western Felt Works, 4021-4139 W. Ogden 
Ave., Chicago 23, IIL 


FIBRE. PHENOLIC. See Plastics—Mold- 
ing, Laminating, Casting and Extrusion 
Compounds 
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14th, Cleve- 


Associated Spring 


Div. Associated 


1712 


Co., Div. Associated Spring 


Cambridge 


Co., 16 


FIBRE, VULCANIZED. 
Rod, Tubing). 


Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Il. 

National Vulcanized Fibre Co., Wilming- 
ton 99 Del 

Spaulding Fibre 
_ 

Stahlin Brothers Fibre Works, Inc., Dept 
E Belding, Mich 

Taylor Fibre Co. Norristown, Pa. 

West Virginia Pulp and Paper Co., 230 
Park Ave., New York 17, N. Y. 


(Board, Sheet, 


Co., Inc., Tonawanda, 


FILTER ELEMENTS, POWDERED 
METAL 
Amplex Div., 
1, Mich 
Radio Cores, Inc 
Lawn, Ill 


Chrysler Corp., Detroit 


, 9540 Tulley Ave., Oak 


FILTERS, RADIO 


Aerovox Corp., New Bedford. Mass 
Cornell -Dubilier Electric Corp., 
Plainfield, N 
Federal Telephone and Radio Co., Div. 
of International Telephone and _ Tele- 
100 Kingsland Rd., Clifton, 
ee 


General Elertriec Co., Apparatus 
Div., Schenectady 5. N. Y¥ 
Gulton Mfg. Corp Gulton 
Inc., 212 Durham Ave., 
Mallory & Co., 
é Ind 


South 


graph Corp. 
Sales 
Industries, 


Metuchen, N. J 
Inc., P. R., Indianapolis 


MAY 


Potter Co., 1950 North 
Chieago, Ill. 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

Tobe Deutschmann Corp., Norwood, Mass. 

United Transformer Co., 150 Varick, New 
York 13, N. Y. 


Sheridan Rd., 


FINISHES, PRODUCT. See Lacquers, 
Enamels, Paints and Varnishes, Finish- 
ing. 


FLUORESCENT, LAMP AUXILIARIES 
Includes Adapters, Ballasts, Compen- 
sators, Control Units, Starters and 
Transformers. For Resistors, see Re- 
sistors, Instrument and Radio; also Ca- 
pacitors 


Acme Electric Corp., Cuba, N. Y. 

Aerovox Corp., New Bedford, Mass. 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Chicago Standard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 13, IL 

Circle F Mfg. Co., Trenton 4, N. J. 

General Eleetric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Sola Electric Co., 4633 W. 16th, Chicage 
50, DL 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

Sylvania Wlectric Products, Inc., 1740 
Broadway, New York 19, N. 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


FOOT SWITCHES. See Switches 


FORGINGS 


American Brass Co., Waterbury 20, Conn. 

Chase Brass & Copper Co., Sub. of Ken. 
necott Copper Corp., Waterbury 20, Conn. 

Philadelphia Bronze & Brass Corp., Sub. 
of P. R. Mallory & Co., Inc., 22nd and 
Master, Philadelphia 21, Pa. 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. ¥. (Non-ferrous) 

ay Son, Inc., Joseph T., Chicago 
80, 


FREQUENCY METERS. See Instruments. 


FUSE HOLDERS, MOUNTINGS and 
CLIP 


Burndy Omaton Div., Norwalk, 
Conn. 


Holub Industries, Inc., 445 Elm, Sycamore, 
Tl. 
Industries, 1008 Park Ave., 
Sycamore, IIL 


Ideal 

Iisco Corp., 5745 Mariemont Ave., Cin- 
cinnati 27, Ohio 

Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, IL 

Littelfuse, Des Plaines, TL 

Multi Electric Mfg. Co., 4227 W. Lake, 
Chicago 24, Ill 

Sherman Manufacturing Co., H. B., Bat- 
tle Creek, Mich. 

6060 Rivard, Detroit 11, 


Corp., 


Inc., 


Square D Co., 
Mich. 


FUSES 


Burndy 
Conn. 


Corp., Omaton Div., 
General Electric Co., Apparatus 
Div., Schenectady 5, N. Y. 

Littelfuse, Des Plaines, Ill. 

Royal Electric Corp., Pawtucket, R. I. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Norwalk, 


Sales 


GAGES, TEMPERATURE, PRESSURE 
and VACUUM 


Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa. 

Bristol Co., Waterbury 20, Conn 

McGraw-Edison Co., Instrument 
Dept. 53, West Orange, N. J 

Servomechanisms Inc., Mechatrol Div., 625 
Main, Westbury, L. L, N. Y. 

Weston Electrical Instrument Corp., *£ 
Sub. of Daystrom, Inc., 614 Freling- 
huysen Ave., Newark 5, N. J 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill 


Div., 


GALVANOMETERS. See Instruments. 


GASKETS 


American Felt Co., 
Glenville, Conn. 
Armstrong Cork Co., 7005 Ingersol, Lan- 
caster, Pa, (Cork and Rubber Composi 

tions) 

Auburn Manufacturing Co., 
Middletown, Conn. 

Chase Brass & Copper Co., Sub. of Ken 
necott Copper Corp., Waterbury 20, Conn 

Crane Packing Co., 6424 Oakton, Morton 


Grove, Til. 
Goshen Rubber Co., Inc., P. O. Box 517, 
York 16, 


16 Glenville Rd., 
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Goshen, Ind. 
Johns- Manville, 
s = 
Parker Appliance Co., 
Cleveland 12, Ohio 
Raybestos-Manhattan, Inc., 
ucts Div., Manheim, Pa 
Roth Rubber Co., 1860 8S. 54th Ave., 
Chicago 50, Til 
United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 
Ba Bee Os 
Western Felt Works, 4035-4117 Ogden 
Ave., Chicago 23, Ml 


Box 14, 
17325 Euclid Ave., 


New 


Plastic Prod- 


GEARMOTORS. See Motors 
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GEARS and PINIONS 


Amplex Div., Chrysler Detroit 
31, Mich. 

Beaver Gear Works, 1035 Parmele, 
Rockford, Ill 

Bowmar Instrument Corp. 2415 Pennsyl- 
vania Ave., Ft. Wayne, Ind. 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del. 

Fastex Div. of [linois Tool Works, 195 
Algonquin Rd,, Des Plaines, Ml. 

Gear Specialties, Inc., 2635 W. Medill 
Ave., Chicago 47, Ill. 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill, 

Shakeproof Div. of [llinois Tool Works, 
St. Charles Rd., Elgin, Il. 

United States Graphite Co., 1621 Hollana. 
Saginaw 8, Mich. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Winzeler Manufacturing & Tool Co., 7855 
W. Wilson Ave., Chicago 31, Ill. 


GENERATORS. See Motors. 


GENERATORS, ELECTRONIC 


Daven Co., 586 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J, 
General Electric Co., Apparatus Sales 

Div., Schenectady 5, N. Y. 

General Electric Co., Electronics Div., 
Blectronics Park, Syracuse 1, N. Y. 
Howard Industries, Inc., 1700 State, 

Racine, Wis. 
Southwestern Industrial Electronics Co., 
2831 Post Oak Rd., P. O. Box 13058, 
Houston, Texas. 
Vibro Ceramics Corp., Gulton Industries. 
Inc., 212 Durham Ave., Metuchen, N. J. 


GERMANIUM DIODES. See Rectifiers, 
naa; Transistors and Crystal 
iodes. 


GLASS-BONDED MICA 


Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del. 

General Electric Co., Laminated Products 
Dept., Ooshocton, Ohio 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. 


GLASS-FIBER, YARNS, CLOTHS and 
TAPE. See Fabrics, Insulating. 


GLASS, TECHNICAL 


Corning Glass Works, Technical Products 
Div., Corning, N. Y¥. 

Hermaseal Co., Inc., 1016 Main, Elkhart, 
Ind. (Tubes) 

Kopp Glass, 


Corp., 


Inc., 


Inc., Swissvale, Pa. 


GOLD, ROLLED (Plate and Wire) 


American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J. 

eS ©o., Ine., 113 Astor, Newark 5, 
N. 

General Plate Div., Metals & Controls 
Corp., 1905 Forest, Attleboro, Mass 

nae & sen 82 Fulton, New York 

Ney Co., J. M., P. 0. Box 990, Hartford 
. Conn. 


GRAPHITE. See Carbon and Graphite. 


GREASE. BEARING 


Dow Corning @orp., Midland, Mich. (Sili- 
cone) 


GRIPS and CLAMPS, STRAIN RELIEF 


Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill. 
Heyman Mfg. Co., Kenilworth 1, N. J 
Walker Co., George, 118 Amsterdam Ave., 
Passaic, N. J 
Weckesser Co. 5701 Northwest Highway, 
Chicago 30, TL. 


HARNESSES and ASSEMBLIES, WIRE 


Amphenol Electronics Corp., 1880 8. 54th 
Ave., Chicago 54, Ill 

Belden Mfg. Co., 4633 W. Van Buren, 
Chicago 44, Tl. 

Brand & Co., Inc., William, Willimantic, 
Conn. 

Cornish _ Co., 50 Church, New York 
a . 
Orgone Co., Carol Cable Div., Pawtucket, 
Drake Manufacturing Co., 
hard, Chicago 22, Til 
General Electric Co., Construction Mate- 
tiak Div., Bridgeport 2, Conn 

Phalo Plastics Corp., Commercial & Fos- 
ter. Worcester 8, Mass 

Switchcraft, Inc., 1328 N. Halsted, Chi- 
cago 22, Tl 

Wire Stripper Co., 1729 Bastham Ave., 
East Cleveland 12, Ohio 


1711 W. Hub- 


HEADPHONES and HEADSETS 


Automatic Electric Sales Corp., 
Van Buren. Chicago 11, Ill 
Stromberg-Carlson, A Div. of 
Dynamics Corp. 117 
Rochester 8, N. Y. 


1033 W 


General 
Carlson Rd., 


HEATING ELEMENTS and UNITS 


Anderson Controls, Inc., 2777 
Rd., Des Plaines, Ill 

Cutler-Hammer Inc., 1264 St 
Milwaukee 1, Wis 

Driver Co., Wilbur B 150 
Ave., Newark 4, N. J 

General Electric Co Apparatus 
Div., Schenectady 5. N. ¥ 

Master Appliance Mfg. Co., Racine 2, Wis 


Mannheim 
Pau) Ave 
Riverside 


Sales 


Still-Man Manufacturing 
E. 164th, New York 56, N. 

Syntron Co., Homer City, Pa. 

Vulcan Electric Co., Danvers 2, Mass. 

Watlow Electric Mfg. Co., 1362 Ferguson 
Ave., St. Louis 14, Mo. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Wiegand Co., Edwin L., 7530 Thomas 
Blvd., Pittsburgh 8, Pa. 


Corp., 429-33 
y. ¥. 


HERMETIC SEALS. See Seals and Ter- 
minals, Hermetic. 


HIGH-FREQUENCY HEATING UNITS 


Allis-Chalmers, Milwaukee 1, Wis. 
General Electric Co., Apparatus 
Div., Schenectady 5, N. Y. 
Radio Receptor Co., Inc., Semiconductor 
Div., 240 Wythe Ave., Brooklyn 11, 

oe 

Westinghouse Electric Corp., 
Center, Bldg., No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa, 


Sales 


HIGH NICKEL ALLOYS. See Nickel and 
Nickel Alloys. 


HOLDERS, COMMUTATOR BRUSH 

Midwest Molding & Mfg. Co., Gurnee 96, 
iil 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J, (Glass-Bonded Mica) 

Phoenix Electric Mfg. Co., 4211 W. Lake, 
Chicago 24, TL 


IMMERSON HEATER UNITS, See Heat- 
ing Elements and Units. 
IMPACT EXTRUSIONS, 


Hunter-Douglas 
EM-4, 


ALUMINUM. 
Aluminum Corp., Dept. 
Riverside, Calif. 


IMPREGNATING COMPOUNDS. See Ce- 
ment, Insulating and Sealing; Waxes 
and Compounds. 


INDICATORS, HEAT. See Thermometers 
INDICATORS, SPEED. See Tachometers 


INDUCTION HEATING. See 
quency Heating Units. 


High-Fre- 


INFRA-RED LAMPS. See Lamps, Incan- 
descent and Infra-red 


INSTRUMENTS, ELECTRICAL MEAS- 
URING AND TESTING 


Acme Electric Corp., Cuba, N. Y. 

Aerovox Corp., New Bedford, Mass. 

Assembly Products, Inc., Chesterland 14, 
Ohio 

Associated Research, 
Chicago 18, Ill. 

Automatic Temperature Control Co., Sub. 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa 

B&K Manufacturing Co., 3726 N. South- 
port Ave., Chicago 13, Ill. 

Bristol Co., Waterbury 20, Conn 

Chatillon & Sons, John, 85 Cliff, New 
York 38, N. ¥ 

Daven Co., 536 W. Mt 


Inc., 3794 Belmont, 


Pleasant 
Route 10, Livingston, N. J. 

Electro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, Ill. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Griebach Instruments Corp., Gulton In- 
dustries, Inc., 212 Durham Ave., Me- 
tuchen, N. J 

Helipot Corp., Div. of Beckman 
ments, In®., Newport Beach 

Holub Industries, Inc., 445 
more, Ill 

Ideal Industries, Inc., 
Sycamore, Ill 

Industrial Instruments Inc., 89 
merce Rd., Cedar Grove, 
N J 

Industrial Test Equipment Co., 
New York 3, N. Y 

National Pneumatic Co., 
Cabot Div., 125 Amory, 
Mass 

Precision Apparatus Co., Inc., 70-31 84th 
Glendale 27, L. L, N. ¥ 

Radio Corp. of America, Dept. 0-44, Bldg. 
15-1, Camden, N. J 

Simpson Electric Co., 5200 W 
Chicago 44, Ill. 

Southwestern Industrial 
P.O. Box 13058, 2831 
Houston 19, Texas 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc 614 Frelinghuy- 
sen Ave., Newark 5, N. J 

Wheelco Instrument Div Barher-Colman 
Co., 1403 Rock, Rockford, Il. 


Ave., 


Instru- 
Calif 
Elm, Syca- 
1008 Park Ave., 


Com- 
Essex County, 


55 E. 11th 


Inc., Holtzer 
Boston 19, 


McKinzie, 


Electronics Corp., 
Post Oak Rd., 


INSTRUMENTS, ELECTRONIC. See also 
Oscilloscopes Recorders, Oscillographic 

Automatic Temperature Control ¢ Sub 
of Safety Industries, Inc 5234 Pulaski 
Ave Philadelphia 44, Pa 
terkeley Div. of Beckman 
Inc., 2200 Wright Ave., 
Calif 

Bristol Co., Waterbury 20, Conn 

Brush Electronics Co., 3405 Perkins Ave., 
Cleveland 14, Ohio 

Burroughs Corp., Electronic Instruments 
Div Dept. F, 1209 Vine, Philadelphia 

Pa 


Instruments, 
Richmond 3 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Gateway | 
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PRODUCTION 
WIRE STRIPPERS 


Fill All Needs -- 
Solve All Problems 


Ideal manufactures the fastest production 
strippers on the market. Whatever your 
needs are, even if you don’t consider them 
problems, an Ideal Stripper will give you 
better work faster and cheaper! Here is real 
proof—a condensed list of wire stripping 
needs that Ideal Strippers are called upon to 


fill every da 


R, RF, CF, AF, Radio hook-up, Lead-in wires, etc., 
up to 7/16” in diameter; Any cotton, silk, 
synthetic (plastic) insulation or rubber coverings 
from fine stranded or solid conductors up 

to 7/16” in diameter; Plus all types of Film- 
insulated wire (AWG #50 to AWG #0) 

as close as 1/8” from the body of the 

winding or coil form. 


The above list shows you how we can prom- 
ise to fill every need. Now read about the 
“Big 2” illustrated below, and mail coupon 
for all details. Better yet, include wire sam- 
ples and let Ideal Engineers recommend the 
stripper that exactly fits your needs. 


a oe fh ee | TWIN CONE TYPE 


For high-speed production 
stripping of most types of 
single conductors, solid or 
stranded wire up to a maxi- 
mum of 3/8” outside diameter. 


MAIL 
COUPON 
color Oe 


Wire Strippers. 


Quicker, cleaner stripping of 
all types of film insulation with 
one grade of wheel. Wire size 
AWG #50 to #25. REPLACE- 
MENT WHEELS: One pair 
strips all sizes. IDEAL offers 
top quality at less cost per 
pair than the average of other 
good quality wheels. 


Sold Through America's Leading Distributors. 
In Canada: Irving Smith, Ltd., Montreal 


ao mee ee me me me me ee ee ee ee 


IDEAL INDUSTRIES, Inc. 
1008-E Park Ave., Sycamore, Illinois 
Please send full information on all of Ideal’s Production 





Company 





Address___ 


City 


ss Zone. 
C) WIRE SAMPLES ENCLOSED 


State 


1 
| 
| 
| 
| 
t 
i 
| 
I 
I 
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DOUBLE CHAMFERED 
ALL-METAL RE-USABLE 


Starts from either end — locks 
in body of nut, not at the 
crown 


MORE LOCKING POWER 
WHEN BOLT 

ENDS MUST 

BE FLUSH 

WITH NUT 

Because the locking device is 
in the body of the nut, not at 
the ends, the lock is farther 
from the end of the bolt—a 
more positive lock even when 
oll threads are not used! 


Two 

LOCKING PRINCIPLES 
Two 

POINTS 

OF LOCK 


Ovolizedas wellas \\_| ~ /) 
deflected at point Sani 
of lock. Opposing center pres- 


sure points give 180° spring. 


MAC LEAN-FOGG 


LOCK NUT 


FOR FAST, AUTOMATED 
APPLICATION, 
WITHOUT SELECTIVE 
DEVICES 


OFF-THE- 
SHELF SIZES 


THREADS 
PER INCH 

















#'4" Blank + Available Jam Thickness 
in V2” and Over. 


Lock Nut Company 5535 N. Wolcott Street, Chicago 40, IIL 


AVAILABLE IN 
FOUR TIME RANGES 


7 MINUTES 
14 MINUTES 
28 MINUTES 
56 MINUTES 


WITH “HOLD” FEATURE 
if desired 


dependable 


Lae R eae: 


eb) 3 5 


Heavy Duty 


it 
EG LS 


Illustrated above: 

MODEL 1-102 (for mounting di- 
rectly on sheet metal panel) $9 00 
Also available in metal box with 
or without signal light. 


More than just a warning de- 
vice, Cissell Time Switches open 

. or close . . . an electrical 
circuit at the end of a specified 
time period. They are adaptable 
to a wide variety of mountings. 
GUARANTEED for 1 year. 

We welcome an opportunity 
to prove that we have the 
answer to YOUR time switch 
problem. Contact us now for 
detailed information. 


CURRENT RATING: AL- 
TERNATING CURRENT 115 
or 230 VOLT, '4 H.P. SINGLE 
PHASE, 10 AMPERES, INDUC- 
TIVE OR NON-INDUCTIVE. 


W. M. CISSELL MFG. CO., INC. 
631 S. First St., P. O. Box 1143 
LOUISVILLE, KENTUCKY 





D & R Lid, 406 B 


\ Gutierrez, P. O 
1500, Santa 


Barbara, Calif 

Daven Co., 536 W. Mt. Pleasant 
Route 10, Livingston, N. J 

Du_ Mont Laboratories Inc., Allen B., 760 
Bloomfield Ave., Clifton, N. J 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y 

Gulton Mfg. Co., Gulton Industries, Inc 
212 Durham Ave., Metuchen, N. J 

Industrial Test Equipment Co., 55 E 
New York 3, N. Y¥ 

Librascope, Inc., 808 Western Ave., 
dale 1, Calif 

Magnetic Amplifiers, Inc., 
Ave., New York 55, N. Y. 

Radio Corp. of America, Dept. 
Bldg. 15-1, Camden, N. J 

Sanborn Co., Industrial Div 
Waltham 54, Mass 

Simpson Electric Co., 
Chicago 44, Il. 

Southwestern Industrial 
P.O. Box 13058, 2831 
Houston 19, Texas 

Weston Electrical Instrument 
sub. of Daystrom, Inc., 
sen Ave., Newark 5, 


Box 


Ave., 


Lith 
Glen 


Tinton 


632 
0-44 
175 Wyman 


5200 W. McKinzie 
Electronics Corp 
Post Oak Rd., 


Corp A 
614 Frelinghuy 
N. J 


INSTRUMENTS, LABORATORY 
STANDARD 


Acme Electric Corp., Cuba, N. Y 

Automatic Temperature Control Co 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa 

Bristol Co., Waterbury 20, Conn 

Clarostat Mfg. Co., Inc., Dover, N. H 

Electro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, Ill 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Gulton Mfg. Co., Gulton Industries, Inc 
212 Durham Ave., Metuchen, N. J 

Radio Frequency Laboratories, Inc., Boon 
ton, N. J. 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy- 
sen Ave., Newark 5, N. J 

Wheelco Instrument Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 


Sub 


INSULATING MATERIALS. See follow 
ing specific headings: 
Cement, Insulating and Sealing 
Ceramics 
Cork and 
Fabrics, 
Felt 
Fibre, Vulcanized 
Glass-Bonded Mica 
Insulation, Wire and Cable 
Mica, Molded and Laminated 
Paper, Insulating 
Plastics, Molding, Laminating, Casting 
and Extrusion Compounds 
Plastics, Sheets, Rods and 
Rubber and Rubber Products 
Silicones 
Sleeving and Tape, 
Tape, Friction and 
Tape and Sheeting, 
Tubing, Paper 
Tubing and Sleeving, Braided Fabric 
Tubing and Sleeving, Extruded Plastic 
Varnishes, Compounds and Resins, In- 
sulating 
Waxes and Compounds 


Cork Compositions 
Insulating 


Tubes 


Asbestos 
Splice 


Synthetic Resin 


INSULATION, WIRE and CABLE 
(Ceramic and Synthetic) 

American Lava Corp., 
Tenn. 

Dobeckmun Co., 3301 Monroe Ave., Cleve- 
land 13, Ohio 

Dow Corning Corp., Midland, Mich 

du Pont de Nemours & Co., (Inc.), E. I 
Plastics Div., Polychemicals Dept 
Wilmington 98, Del. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Goodrich Chemical Co., B. F., 3135 Euclid 
Ave., Cleveland 15, Ohio 

Oronite Chemical Co., 200 
Franciseo 4, Calif. 

Sprague Electric Co., 307 Marshall, 
Adams Mass. 


Chattanooga 5 


Bush, San 


North 


IRONS, SOLDERING. 
Equipment. 


See Suidering 


ISOLATORS, VIBRATION and sHOCK 
See Mountings, Rubber and Syntnetic 


JEWEL LIGHT ASSEMBLIES. See 
Lights, Pilot and Indicator. 


KNOBS, CAPS and HANDLES, MOLDED 
Davies Molding Co., Harry, 1428 N 
Wells, Chicago 10, Ill 
Dimco-Gray Co., 210 E 
Ohio 
Kurz-Kasch, Inc., 
ton 1, Ohio 
Midwest Molding & Mfg. Co., Gurnee 96, 


Il 
Richardson Co., 2799 Lake, 
8027 N. 


6th, Dayton 2, 


1419 S. Broadway, Day 


Melrose Park 
it 
Rogan Brothers 


Monticello 
Skokie, Ill 


Ave., 


LACQUERS, ENAMELS, PAINTS and 
VARNISHES, FINISHING 


Allied Research Products, Inc., 
E. Monument, Baltimore 5, Md. 

Aluminum Co. of America, Alcoa Bidg., 
Pittsburgh 19, Pa. 

Dow Corning Corp., Midland. Mich 
(Silicone Resins and Varnishes) 

du Pont de Nemours & Co., (Inc.), B. I 
Finishes Dept., Wilmington 98, Del. 


4004-06 


Sherwin-Williams Co., General Industrias 

Div., Cleveland 1, Ohio 

LAMINATED METALS, PRECIOUS and 
BASE (Sheet, Tube and Wire) 

Bobet & Co., Inc., 118 Astor, Newark 5, 

Brainin Co., C. &., 
Vernon, N. Y 

General Plate Div., Metals and Controls 
Corp 1905 Forest, Attleboro, Mass 


Handy & Harman, 82 Fulton, New York 
38, N. Y. 


Wilson Co., H. A 


320 Washington, Mt 


. Route 22, Union, N. J 


LAMINATED PLASTICS. See Plastics 


LAMINATIONS, MOTOR and 
TRANSFORMER 


Magnetics, Inc., Dept. EM-36, Butler, Pa 
Thomas & Skinner Inc., 1114 E. 23rd 


Indianapolis 7, Ind. 


LAMPS, FLUORESCENT 


General Electric Co., Nela Park, Cleveland 
12, Ohio 

Westinghouse Fiectrio 
Center, Bidg. No. 
Pittsburgh 30. Pa 


Corp., 


Gateway 
8, 401 


Liberty Ave 


LAMPS, INCANDESCENT and 
INFRA-RED 

General Electric Co. 
12, Ohio 

Westinghouse Electric 
Center, Bldg. No. 3, 
Pittsburgh 30, Pa 


. Nela Park, Cleveland 


Corp., Gateway 
401 Liberty Ave 


LAMPS, MERCURY VAPOR 


General Electric Co., Nela Park, Cleveland 
12, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


LAMPS, 
eator) 


General Electric Co. Miniature Lamp 
Dept., Nela Park, Cleveland 12, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


MINIATURE (Pilot and Indi- 


LAVA. See Ceramics 


LAYOUT FLUID 
om Co., 2303F N. llth, St. Louis 6, 


LENSES, PRESSED GLASS 


Corning Glass Works, Technical Products 
Div., Corning, N. Y. 
Kopp Glass, Inc., Swissvale, Pa. 


LIGHTING FIXTURES 


Killark Electric Manufacturing Co., Van- 
deventer and Easton Aves., St. Louis 13, 
Mo. 


LIGHTS, PILOT and INDICATOR 


Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Cannon Electric Co., Dept. 500, 3209 
Humboldt, Los Angeles 31, Calif. 

Crouse-Hinds Co., Syracuse 1, N. Y. 

Dialight Corp., 44 Stewart Ave., Brooklyn 
37, N. ¥. 

Drake Manufacturing Co., 1711 
bard, Chicago 22, Ill. 

General Electric Co., Miniature Lamp 
Dept., Nela Park, Cleveland 12, Ohio 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Hetherington Inc., 1200 Elmwood Ave., 
Sharon Hill, Pa 
Johnson Co., E. F., 2331 
S.W., Waseca, Minn. 
Pass & Seymour, Inc., 
Syracuse 9, N. Y. 
Square D Co., 4041 N 

waukee 12, Wis 


W. Hub- 


Second Ave., 
Station, 


Mil- 


Solvay 
Richards, 


LOCKNUTS and LOCK WASHERS. 


See Fasteners 


LUBRICANTS 


Alpha Molykote Corp., 65 
Stamford, Conn 

Fluidwick Co., 5319 East Outer Dr., 
troit 34, Mich 

Shell Oil Co., 50 W 
ee 


Harvard Ave 


De- 


50th, New York 20 


LUBRICATORS, OIL and GREASE 


Fluidwick Co., 5319 East Outer Dr., De 
troit 34, Mich 

Gits Bros. Mfg. Co. 
Ave., Chicago 23, Ill 

Madtson-Kipp Corp., 201 Waubesa, Madi 
son 4, Wis 


1846 S. Kilbourn 


LUGS and TERMINALS 


AMP Incorporated, 2100 Paxton, 
burg, Pa. 

American Brass Co., Waterbury 20, Conn 
Buchanan Electrical Products Corp., 225 
Route 22, Hillside, N. J 
Burndy Corp., Omaton Div., 

Conn 
Cambridge Thermionic Corp., 
Ave., Cambridge 38, Mass. 
Hart Manufacturing @o., 211 Bartholomew 
Ave., Hartford 1, Conn. 
Heyman Mfg. Co., Kenilworth 1, N. J. 
Hollingsworth Co., Solderless Terminal 
Div., Phoenixville, Pa. 
Tisco Corp., 5745 Mariemont 
cinnati 27, Ohio 

Johnson Co., E. F., 2331 Second Ave., 
8.W., Waseca, Minn. 

Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, Ill, 


Harris 


Norwalk, 
453 Concord 


Ave., Cin- 
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Krueger & Hudepohl 
cinnati 4, Onio 
Malco Tool and Manufacturing Co., 402) 

W. Lake, Chicago 24, IIL. 


Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J, 


age ca. 35 Verona Ave., Newark 4, 


1043 Evans, Cin 


Sealectro Corp., 610 Fayette Ave., Mama- 
roneck, N. Y. 

Shakeproof Div. of Illinois Tool Works 
St. Charles Rd., Elgin, Ill 

Sherman Manufacturing Co., H. B 
tle Creek, Mich. 

Thomas & Betts 
Elizabeth 1, N. J 

Thompson-Bremer & 
Machine & Foundry 
born, Chicago 18, 


. Bat- 


Co. Inc., 28 Butler, 
Co., 
Co 
Til, 


Sub. American 
514 N. Dear- 


MACHINES. 
Balancing; Coil 
Setting; 
Test. 


See specific headings 


Winding; Print; 


Rivet 
Strippers, Wire; 


Vibration 


MAGNETIC AMPLIFIERS 


Airpax Products Co., Middle River, Balti 
more 20, Md 

Berkeley Div. 
Inc., 2200 
Calif 

Eseco Works, 
Porter Co., 

General 


of Beckman Instruments, 
Wright Ave., Richmond 3, 


Delta-Star Div., H. K 
Ine., Lockport, Til. 
Electric Co., Apparatus 
Div., Schenectady 5, N. Y. 
Kearfott Co., Inc., 1378 Main 
Clifton, N. J. 
Magnetic Amplifiers, Inc., 
Ave., New York 55, N. Y. 
Vickers Electric Div., Vickers Inc., 
Locust, St. Louis 3, Mo. 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


MAGNETIC BRAKES. See Brakes. 
netic. 


Sales 
Ave., 
632 Tinton 
1803 


Mag- 


MAGNETIC MATERIALS. See Steel Elec- 
trical; Magnets, Permanent; Magnetic 


Recorder Components; Powdered Metal 
Products. 


MAGNETIC RECORDER COMPONENTS 


Driver Co., Wilbur B., 150 Riverside 
Ave., Newark 4, N. J. 

Minnesota Mining & Mfg. Co., Electrica) 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. (Tape) 

Stromberg-Carlson, A 
Dynamics Corp., 
Rochester 3, N. Y. 


Div. of 
117 


General 
Carlson Rd. 


MAGNETIZERS and DEMAGNETIZERS 


Radio Frequency Laboratories, Ine 
Boonton, N. J. 


MAGNETS, PERMANENT 


Arnold Engineering Co., Marengo, Ill. 
Crucible Stee] Co. of America, Chamber of 
Commerce Bldg., Pittsburgh 19. Pa. 
General Electric Co., Metallurgical Prod- 
ucts Dept., 11131 E. 8 Mile Ave., De- 

troit 32. Mich 

Indiana Steel Products Co., 
Ind. 

Thomas & Skinner Inc., 1114 E. 
Indianapolis 7, Ind. 


Valpariso, 
23rd, 


MAGNET WIRE. See Wire, 


MARKERS, 


Brand & Co 
Conn 

National Band & Tag Co., 
Newport, Ky 

Natvar Corp., 207 
bridge, N. J 


Magnet. 


IDENTIFICATION 


Inc., William, Willimantic, 
9-254 


Wood- 


Dept. 


Randolph Ave., 


MATERIALS HANDLING EQUIPMENT 


Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del. 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del 

Robbins & Myers, 
Div., Springfield, 

Spaulding Fibre Co., 
aes 


Inc., Crane & Hoist 
Ohio 


Inc., Tonawanda 


MERCURY RELAYS. See Relays 


MERCURY SWITCHES. See Switches 


METALLIZING EQUIPMENT 


Metallizing Engineering Co., Inc 1118 
Prospect Ave., Westbury, L. I., N. ¥ 


METALS, LAMINATED. 


See Laminated 
Metals, Precious and 


Base. 


METALS, PRECIOUS. 
nated Metals; 


See Gold 
Platinum; Silver 


Lami- 


METALS, PRE-PLATED. See Pre-Plated 
Metals. 


METALS, RARE 


Fansteel Metallurgical 
cago, Ill 

Mallory & Co., 
6, Ind. 

Wilson Co., H. A. 


Corp., North Chi 


Inc., P. R., Indianapolis 


Route 22, Union, N. J 


METERS, HOUR 


Haydon Mfg. Co., 
rington, Conn. 
Hobbs Corp., John W., Div. of Stewart- 
Warner Corp., 2078 Yale Bivd., Spring 
field, Ill. 
Industrial 
Highway, 


Inc, 2527 


Elm, Tor- 


Timer Corp., 1411 McCarter 
Newark 4, N. J. 


MICA, 
Bonded 


GLASS-BONDED. 
Mica. 


See Glass 


MICA, MOLDED and LAMINATED 
(Sheets, Plate, Tape, Tubes, Rings, 
Segments, Washers, ete.) 

Brand & Co., Inc., William, Willimantic, 
Conn 

Continental- Diamond 
The Budd Co Newark 13, Del 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill 

Macallen Co., Bay Rd., Newmarket, N. H 

Mica Insulator Co., Sub. of Minnesota 
Mining and Manufacturing Co., Schenec- 
tady 1, N. Y¥ 

New England Mica Co., Inc 66 
Ave., Waltham 54, Mass 


MICA UNDERCUTTERS 


Ideal Industries, 1008 Park Ave. 
Sycamore, Ill 


MICROPHONES 


American Microphone, Electronics Div 
Elgin National Watch Co., 370 S. Fair 
Uaks Ave., Pasadena, Calif 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Ine., Newark 13, Del 

General Electric Co., Apparatus 
Div., Schenectady 1, N. Y. 

Mica Insulator Co., Schenectady 1, 


Fibre, A Sub. of 


Woerd 


Inc., 


Sales 
N. ¥ 
MICROSCOPES 


Bausch & 


84717 St 
Paul, 


Lomb Optical Co., 
Rochestor 2, N. Y. 


MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics; Mica; Plas 
tics; Rubber 


MOLYBDENUM—(Sheet and Wire) 


See also Contacts. 


Fansteel Metallurgical Corp., 
cago, 

Mallory & Co., 
6, Ind 


North Chi 


Inc., P. R., Indianapolis 


MOTOR BASES, ADJUSTABLE 


Allis-Chalmers, Milwaukee 1, Wis. 
Lovejoy Flexible Coupling Co., 4802 W 
Lake, Chicago 44, IIL. 


MOTOR CONTROLS and STARTERS 


See Controllers, Motor; Push Butta 
Stations. 


MOTOR GENERATOR SETS 


Eseco Works, Delta Star Div., H. K 
Porter Co., Inc., Lockport, IIL. 

Kato Engineering Co., 128 Maxfield Ave. 
Mankato, Minn. 

Leach Corp., Inet-Palmer Div., 


4441 » 
Santa Fe Ave., 


Los Angeles 58, Cali! 
MOTORS and GENERATORS. See Moto: 


Table on page 390 


MOUNTINGS, RUBBER and 
SYNTHETIC 


Johns-Mansville, Dutch Brand Products 
7800 Woodlawn Ave., Chicago 19, [li 


MOVEMENTS, CLOCK and TIMING 


Haydon Co., A. W., 234 North Elm, 
Waterbury 20, Conn. 
Haydon Mfg. Co., Inc., 


2527 
rington, Conn. 


Elm, Tor- 


NAME and INSTRUCTION PLATES 


Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenec 
tady 1, N. 


NICKEL and NICKEL ALLOYS 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, 
(Cupro- Nickel) 
Chase Brass & Copper Co., Sub 
necott Copper Corp., Waterbury 
Driver Co. Wilbur B., 150 
Ave., Newark 4, N. J. 
Driver-Harris Co., Harrison. N. J 
Elgin National Watch Co., Micronics Div 
Elgin, Ill. (Cobalt Nickel) 
General Plate Div., Metals and 
Corp., 1905 Forest, Attleboro, 
International Nickel Co., 
New York 5, N. Y. 
Penn Precision Products, 
cent Ave., Reading, Pa. 
Revere Copper and Brass, Inc 230 
Ave., New York 17, N. Y. 
Riverside-Alloy Metal Div., H. K 
Co., Inc., Riverside, N. J 
Somers Brass Co, Inc., 110 Baldwin Ave., 
Waterbury, Conn. (Strip) 


Conn 


of Ken 
20, Conn 
Riverside 


Controls 
Mass 
Inc., 67 Wall, 


Inc., 501 
(Strip) 


Cres- 
Park 


Porter 


NICKEL-SILVER 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn 

Chase Brass & Copper Co., Sub. of Ken 
necott Copper Corp., Waterbury 20, Conn 

Penn Precision Products, Inc., 501 Crescent 
Ave., Reading, Pa. (Strip) 

Revere Copper and Brass, Inc., 
Ave., New York 17, N. ¥ 

Riverside-Alloy Metal Div., H. K 
Co., Ine., Riverside, N J 

Seymour Manufacturing Co., 
Conn 


230 Park 
Porter 
Seymour, 


NON-MAGNETIC 
See Steel, 


1RON and 
Stainless 


STEEL 


NUTS. See Fasteners. 
OHMETERS. See Instruments 


OILERS. See Lubricators, Oil and Grease. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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MT tava ic 
FOR ELECTRIC MOTORS 


eam ee 


Cee eee UL 
Tre a 


ec |) 


100 Brush Cap Sizes ¢ Molded from Stock Dies 


With or without Inserts « Internal & External Thread 


Over 50 Brush Holder Sizes * Molded Nylon or Phenolic 


Over 


es 


AT ue 
TATE 


Over 40 Commutator Sizes « With or without prongs 
Customolded Segmented Commutators & Slip Rings 


Write for size chart or send blueprints for quote 


ONE SOU 
a 
die-making and molding backs Triple M production 


Py terre ee 


& MANUFACTURING COMPANY 


E FOR ALL 3 MOTOR COMPONENTS 


30 years experience and specialization in 


GURNEE 
% 
ILLINOIS 


Chicago Phone: Dickens 2-0777 


Long Distance: ONtario 2-1320 iC 


PLASTICS .- roo.insc 


COMPRESSION 





Manufacturers of CORD ASSEMBLIES + 


There’s no need for you to 
design cords for power tools, 
appliances or equipment. That's 
our business! We'll engineer the 
wire, type of attachment, and 
complete assembly. 


Or, you can choose from Royal 
stock molds for caps, connec- 
tors and strain reliefs, for mold- 
ing in rubber, neoprene, vinyl 
or styrene, to black or colored 
cords of our own manufacture. 


Catalog 5-55 illustrates our 
stock molds. Write for it. 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET * RHODE ISLAND 


FUSES * WIRING DEVICES 





MUTORS 


Subfraction, Under 1/20 Hp. 


Miniature Timing Motors, Geared 


A-C D-c Univ. 


x 





Fractional, 1/20, % Hp. 


Integral, 1 to 744 Hp. 


Integral, Over 744 Hp. 


Gearmotors 


Generators 


Low Voitages (Under 110) 


Allis-Chalmers, Milwaukee 1, Wis. (KL- 
NOQRUV YZ) 

Allis Co., The Louis, Milwaukee 7, Wis. 
(KLNOQRUV YZ) 

Baldor Electric Co., 4353 Duncan Ave., 
St. Louis 10, Mo. (FGKLN) 

Barber-Colman Co. Dept. Q, 1803 Rock, 
Rockford, Il, (BCEYZ) 

Bodine Electric Co., 2256 W. Ohio, Chi- 
cago 12, Ill. (ABCDEFGHIQRTYZ&) 

Borg Equipment Div., George W. Borg 
Corp., Janesville, Wis. (BCDE) 

Bristol Motor Div., Vocaline Co. of Amer- 
ica, Inc., Old Saybrook, Conn. (A) 

Century Electric Co., 1806 Pine, St. Louis 
3, Mo. (FGKLNOPQRUVWYZ) 

Controls Corp. of America, Soreng Div., 
vg Soreng Ave., Schiller Park, Il. 
{ ) 

Cramer Controls Corp., Box 8, 
brook, Conn. (A) 

Diehl Manufacturing Co., Electrical Div 
of The Singer Manufacturing Co., Som- 
erville, N. J. (BCFHKNV) (Servo) 

Doerr Electric Corp., 510 N. 4th Ave., 
Cedarburg, Wis. (FGKL) 

Eastern Air Devices, Inc., 383 Central 
Ave.. Dover, N. H. (ABEFIQTU) 
(Servo) 

Eaton Mfg. Co., Dynamatic Div., Kenosha, 
Wis. (FKN) 

Eclipse-Pioneer Div., Bendix Aviation 
Corp., Teterboro, N. J. (Servo) 

Electra Motors, Inc., Anaheim, Calif. 
FKNQ) 

Electric Specialty Co., 221 South, Stam- 
ford, Conn. (FGIKLMNOPUVWYZ) 
El Ray Motor Co., Inc., 11747 Vose, N. 

Hollywood, Calif. (BCQRZ) 

Emerson Electric Mfg. Co., St. Louis 21, 
Mo. (F KLMQR) 

Fasco Industries, Inc., Rochester 2, N. Y. 
BCDFGHYZ&) 

General Electric Co., Apparatus 
Div., Schenectady 5, N. Y 
(BCDEFGHJIKLMNOPQRSTUVWYZ&) 

General Industries Co., Dept. GL, Elyria, 
Ohio (BQYZ) 

Globe Industries, Inc., 
(BC) 

Haydon Co., A. W., 234 N, Elm, Water- 
bu 20. Conn, (CXZ 

Haydon Mfg. Co., Inc 2527 Elm, Tor- 
rington, Conn, (ABCXYZ) 

Heinze Electric Co., 685 Lawrence, Lowell, 
Mass. (BCDFZ) 

Helipot Corp Div. of Beckman Instru- 
ments, In Newport Beach, Calif 
Servo) 

Holtzer-Cabot Motor Div., National Pneu- 
matic Co., Inc., 125 Amory, Boston 19 
Mass (ABCEFGHIQUVYZ) 


Center- 


Sales 


Dayton 4, Ohio 


Howard Industries, Inc., 1760 State, 
Racine, Wis. (ABCDEFGHQRTUVYZ) 

Howell Electric Motors Co., Howell, Mich. 
(FGKLMNOPQRT) 

Jack & Heintz, Inc., 17620 Broadway, 
Cleveland 1, Ohio (FK) 

Kearfott Co., Inc., 1378 Main Ave., Clif- 
ton, N. J. (Servo) (UY) 

Lamb Electric Co., Kent, Ohio (BCDEF 
GHIQRSZ) 

Leland Electric Co., Div 
Machine and Foundry Co., 
Ohio (FGKLNOL V) 

Marathon Electric Mfg. Corp., Cherry & 
Randolph, Wausau, Wis. (FGKLNOUV) 

Master Appliance Mfg. Co., Racine 2, 
Wis. (CDGH) 

Master Electric Co., Dayton 1, Ohio 
(FGJIKLMNOPQRTUVW) 

Motoresearch Co., 1600 Junction Ave., Ra- 
cine, Wis. (BQY) 

Oster Manufacturing Co., John, Avionic 
Div., Racine, Wis. (BCFGHUVY&) 
(Servo and Synchro) 

Portable Electric Tools, Inc., 320 W. 83rd. 
Chicago 20, IIL (GHL) 

Rae Motor Corp., 2009 Kewanee, Racine, 
Wis. (BCDFGHYZ&) 

Redmond Co., Inc., Owosso, Mich. (BY) 

Reliance Electric & Engineering Co, 24701 
Euclid Ave., Cleveland 17, Ohio 
(FGKLNOV) 

Reuland Electric Co., Calif 
(KNQ) 

Robbins & Myers, Inc., Motor 
Springfield, Ohio (BCDEFGJKNU) 

Robertshaw-Fulton Controls Co., Acro 
Div., Columbus 16, Ohio (B) 

Scruggs Co., Loyd, Festus, Mo. (BCD 
YZ&) 

Servomechanisms Inc., Mechatrol Div.. 
625 Main, Westbury, L. I., N. Y. (Servo) 

Smith Corp., A. O., Electric Motor Div., 
Tipp City, Ohio (FKN) (Servo) 

Sterling Electric Motors, Inc., 5401 Tele- 
graph Rd., Los Angeles 22, Calif. 
(FENQ) 

Sutton Corp., 0. A., Wichita, Kan. (BF) 

Technical Electronics Corp., 4060 Ince 
Bivd., Culver City, Calif. 

Ther Electric & Machine Works, 11A 8. 
Jefferson. Chicago 6, Ill. 

Transicoil Corp., Worcester, Montgomery 
County Pa. (Servo) 

Westinghouse Electric Corp., Gateway 
Center Bldg., No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. (BCDEFGHJKLM- 
NOPQRSZ&) 

Wagner Electric 
Ave., St. Louis 14, Mo 


of American 
Dayton 1, 


Alhambra, 
Div., 


Corp., 6454 Plymouth 
(FGKLNYZ) 


eee 6 0@€—C 


OSCILLATORS. See Instruments 


OSCILLOSCOPES. See also Instruments. 
Electroni Recorders, Oscillographic. 


DuMont Laboratories, Inc., Allen B., 760 
Bloomfield Ave., Clifton, N. J 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, J 

General Electric Co. Apparatus 
Div., Schenectady 5, N. Y. 

Hughes Products, Electron Tube, Div. of 
Hughes Aircraft Co., International Air 
port Sta., Los Angeles 45, Calif 

Radio Corp. of America, Tube Div., Har- 
son, N. J 

Simpson Plectric Co., 5200 W. McKinzie. 
Chicago 44, Ill 

West« Electrical Instrument Corp 
of Daystrom, Inc 614 
Ave Newark 5. N. J 


§ ales 


A sub 
Frelinghuysen 


PACKAGING. See 
Containers 


Boxes and Crates; 
Packaging and Shipping 


PACKINGS. See Gaskets 


PAINTS 


and Varnishes 


See Lacquers, Enamels, Paints 
Finishing 


PALLADIUM. See 


inum Products. 


Platinum and Plat- 


PANEL CONTROL UNITS 


Allen-Bradley Co., 1316 8. 
waukee 4, Wis 
Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 

Bristol Co. Waterbury 20, Conn 

Clark Controller Co. 1146 E 
Cleveland 10, Ohio 

Cutler-Hammer Inc., 
Milwaukee 1, Wis. 

Fagle Signal Corp., 202 20th, Moline 1, 
i 


Second, Mil 


152nd, 


1264 St. Paul Ave. 


Eseco Works Delta-Siar 
H. K. Porter Co Ine Lockport, Tl 

General Electri Co. Apparaius Sales 
Div., Sehenectady 5, N. Y 

Heinemann Electric Co., 99 Plum, Tren- 
ton 2, N. J 


Electric D 


Square D Co., 4041 N. Richards, Mil- 
waukee 12, Wis. 

Ward Leonard Electric Co., 34 
Mount Vernon, N. Y. 
Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 

Wheelco Instruments Div., Barber-Colman 
Co., 1408 Rock, Rockford, Ml. 


South. 


PANELS, DIAL. See Dials and Panels 
PANELS, SHEET STEEL. See Sheet 


Metal Fabricators. 


PAPER, INDUSTRIAL 


Cottrell Paper Co., Inc., 88 
Fall River 1, Mass. 
Hollingsworth & Vose Co., East Walpole, 
Mass 
Mosinee Paper Dept. EM, 
Mosinee, Wis 

West Virginia Pulp and Paper Co., 230 
Park Ave New York 17, N. Y¥ 


Purchase. 


Mills Co., 


PAPER, INSULATING 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn 
Continental- Diamond 
The Budd Co. 
Cottrell Paper Co., Inc., 88 
Fall River 1, Mass. 

Dennison Manufacturing Co., 300 Howard, 
Framingham, Mass 

Dobeckmun Co., 3301 Monroe, Cleveland 
1 Oni 

General Wlectric Ce., Plastics Dept.. 
Decatur, Ill 

Hollingsworth & Vose Co., East Walpole, 
Mass 

Insulation 
Washington Blvd 
Irvington Div 
Manufacturing Co., 
Ir Di N. J 

Johns-Mangville, Box 14, New York 16, 
N Y 

Mica Insulator Co., A Sub. of Minnesote 
Mining & Manufacturing Co., Schenec- 
tady 1 N. ¥ 

Mosinee Paper Dept. EM, 
Mosinee, Wis. 


Fibre, A Sub. of 
Newark 13, Del. 
Purchase 


Manufacturers Corp., 565 W 
Chicago 6, Tl 
Minnesota Mining & 
9 Argyle Terrace, 


i 


Mills Co., 
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National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 


Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 

one Fibre @o., Inc., Tonawanda. 

West Virginia Pu 
Park Ave., New 


PAPER, PHOTOGRAPHIC 
REPRODUCTION 

Ozalid, A Div. of General Aniline & 
Film Corp., Johnson City, N. Y. 


PAPER, TRACING. 
Film and Paper. 


and Puget Co., 230 
ork 17, N. Y. 


See Tracing Cloth. 


PARTS FEEDERS, SELECTIVE 
Syntron Co., Homer City, Pa. (Vibrator) 


PERFORATED MATERIALS 


Harrington & King Perforating Co., Inc., 
5657 Filmore, Chicago 44, IIL 


PERMANENT MAGNETS. See Magnets, 
Permanent. 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Mastery - Co,, Inc., P. R., Indianapolis 
. Ind 

Miller Co., Meriden, Conn. 

Penn Precision Products, Ine. 
cent Ave., Reading, Pa. (Strip) 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 

Riverside-Alley Metal Div., H. K. Porter 
Co., Ine., Riverside, N. J. 

Seymour Manufacturing Co., Seymour, 


501 Cres- 


PHOTOELECTRIC CELLS and TUBES 


General Electric Co., Apparatus Sales Div., 
eemeatety 5. N. Y. (Photoelectric 
ells) 
General Electric Co., Electronic Component 
Div., Schenectady 5, N. Y. (Photoelectric 


Tubes) 

International Rectifier Corp., 1521 JB. 
Grand Ave., El Segundo, Calif. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J 

Vickers Plectric Div., Vickers Inc., 1803 

Loctst, St. Louis 3, Mo. 


PHOTOELECTRIC CONTROLS 


Bristol Co., Waterbury 20, Conn. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 

sae Ce.. 4201 Belmont Ave., Chicago 
1, 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Weston Wlectrical Instrument 
sub. of Daystrom, Inc 
sen Ave., 


Corp., A 
, 614 Frelinghuy- 
Newark 5, N. J. 


PILLOW BLOCKS. See Blocks, Pillow. 
PINS, COTTER and LOCK. See Fasteners 


PLASTICS, COLD MOLDED and INOR- 
GANIC. See Ceramics 


PLASTICS, MOLDERS, 


EXTRUDERS 
and FABRICATORS. 


American Insulator Corp., New Freedom, 
Pa 

Anchor Plastics Co., Inc., 36-36 36th, 
Long Island City 6, N. Y. 

Auburn Manwfacturing Co., 306-1 Stack, 
Middletown, Conn. 

Barber-Colman Co., Dept. Q, 1803 Rock, 
Rockford, Ii. 


Borden Co., Resinite Dept., Santa Barbara, 
Calif 


Brand & Co., Inc., William, Willimantic, 
Conn. 
Continental Can Co., Conolite Div., Wil- 


mington 99, Del 
Continental-Diamond Fibre, a Sub. of The 
Budd Co., Newark 13. Del. 
Cosmo Plastics Co., 3239 W. 
land 9, Ohio 


14th, Cleve- 
Crane Packing Co., 6424 Oakton, Morton 
Grove, Ill. 


Davies Molding Co., Harry, 1423 N. Wells, 
Chicago 10, Ell. 
210 KE. 


Dimco-Gray Co., 6th, Dayton 2, 
Resistor Corp., 


Plastics Div., 


Ohio 
Erie Erie, 
Pa 
Formica Corp. Sub of American Cyanamid, 
4521-7 Spring Grove Ave., Cincinnati 32, 


Ohio 

General Electric Co., 
Decatur, Ill 

Gries Reproducer 
Ave., New Rochelle, N. Y 

Irvington Div., Minnesota 
Manufacturing Co., 
Irvington 11, N. J 

Kuhn & Jacob Molding & Tool Co., 1204 
Southard, Trenton 8, N. J 


Kurz-Kasch, Inc., 1419 8. Broadway, Day- 


Plastics 
149 


Dept. 
Corp., Beechwood 


Mining & 
9 Argyle Terrace, 


ton 1, Ohio 

Maigne Co., O. J., 325 Pearl, New York 38, 
mee ay 

Mica Insulator Co., Sub. of Minnesota 


Mining & Manufacturing Co., Schenec- 
tady 1, N. Y¥ 

Midwest Molding & Mfg. Cc 
Til 

Molded Products, Div. of Admiral Corp., 
P.O. Box 338. West Chicago, I)! 

National Vulcanized Fibre Co., Wilmington 
99. Del 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J 

Nosco Plastics, Inc., Erie 4, Pa. 

Phalo Plastics Corp., Commercial & Foster, 
Worcester 8, Mass 


, Gurnee, 96, 








Raybestos-Manhattan, Inc., 
ucts Div.. Manheim, Pa 

Resistofiex Corp., Roseland, N. J 

Richardson Co., 2799 Lake, Melrose Park, 
Til. 

Rogan Brothers, 8027 N. 
Skokie, Ill. 

Rostone Corp., 123 8. Earl Ave 
Ind. 

Ryerson & Son, 
80, Til. 

Sparta Manufacuring Co., Div 
States Ceramic Tile Co., 

Spauiding Fibre Co., Inc., 
~ © 





Plastic Prod- 


Monticello Ave., 


, Lafayette, 


Inc., Joseph T., Chicago 
of United 
Dover, Ohio 
Tonawanda 


Sylvania Electric Products Inc., 1740 
Broadway, New York 19, N. Y 
Synthane Corp., 17 River Road, Oaks, Pa 


Taylor Fibre Co., Norristown, Pa. 

United States Gasket Co., Plastics Div. of 
The Garlock Packing Co., Camden 1, 
N. J 


Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No, 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


PLASTICS — MOLDING. LAMINATING, 
CASTING and EXTRUSION 
COMPOUNDS 


Alkyd Molding Compound (T) 
Cellulose Acetate (A) 
Cellulose Nitrate (K) 
Diallyl Phthalate (X) 
Epoxy Resins (vw) 
Ethyl Cellulose (B) 
Fluorocarbons (P) 
Melamine Formaldehyde (C) 
Methyl Methacrylate (D) 
Nylon (G) 
Phenolics (E) 
Plastisols, Vinyl (1) 
Polyethylene (A) 
Polyester Resins (Q) 
Silicone Resins (8) 
Styrenes (F) 
Urea Formaldehyde (J) 
Vinyl Acetal (L) 
Vinyl Alcohol (K) 
Vinyl Chloride (Vv) 
Viny!-Chloride- 

Vinylidenechloride cw) 
Viny! Chloride Acetate (™) 
Vinylidene Chloride (N) 


Borden Co., Resinite Dept., Santa Barbara 


Calif. 

Celanese Corp. of America, 180 Madison 
Ave., New York 16. N. Y. (A) 

Ciba Co., Inc., Plastics Div., Kimberton, 
Pa. (U) 

Dow Chemical Co., Midland, Mich. (F) 

Dow Corning Corp., Midland, Mich. (8S) 

du Pont de Nemours & Co. (Inc.), E. L., 
Plastics Div., Polychemicals Dept., 
Wilmington 98, Del, (ADGKLPR) 

Durez Plastics Div Hooker Electro- 
chemical Co., 1305 Walck Rd., N. Tona- 


wanda, N. Y. (E) (Casting Resins) 

Eastman Chemical Products, Ine., 
Madison Ave., New York 16, N. Y 

General Electric Co., Plastics 
Decatur, Ill, 

Glastic Corp., 4323 Glenridge Rd., 
land 21, Ohio (Q) 

Goodrich Chemical Co 3135 Buclid 
Ave., Cleveland 15, Ohio (INVW 

Houghton Laboratories, Inc., 140 Houghton 
Ave., Olean, N. Y. (U) 

Insulation Manufacturers Corp., 565 W 
Washington Blvd.. Chicago 6, TIl 


260 
(AH) 
Dept., 


Cleve- 


, B. F 


Koppers Co., Inc., Chemica! Div Koppers 
Bidg., Pittsburgh 19. P FH 

Marbon Chemical Div. of Borg-Warner 
Gary, Ind. (F) 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn 

Monsanto Chemica! Co Piastics Div 
Springfield 2, Mass (CFFV) 

Ohio-Apex Div., Food Machinery and 
Chemical Corp., Nitro, West Va. (X) 

Plastics Engineering Co., 1607 Geele Ave., 
Sheboygan. Wis. (EF) 

Resistofiex Corp., Roseland. N. J. (P) 

Rogan Brothers, 8027 N. Monticello Ave 


Skokie, Ill. (CE 

Rostone Corp., 123 S. Parl Ave 
Ind. (H) 

Shell Chemical Corp 
380 Madison Ave., 
(U) 

United States Gasket Co.. Plastics Div 
of The Garlock Packing Co., Camden 1, 
N. J. (P) 





, Lafayette 


, Chemical Sales Div 


New York 17, N. ¥ 


PLASTICS, SHEETS, RODS and TUBES 
AMP Incorporated, Chemical & Dielectrics 


Div 155 Park, Elizabethtown, Pa. (Di- 
electric Sheets) 

Borden Co., Resinite Dept., Santa Barbara 
Calif 

Cleveiand Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio (Tubes) 

Continental Can Co., Conolite Div., Wil- 
mington 99, Del. 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del. 

Formica Corp.. A Sub. of American 
Cyanamid, 4521-7 Spring Grove Ave 
Cincinnati 32, Ohio 

General Electric Co., Plastics Dept., 
Decatur, Ill. 

Genera! Electric Co., Laminated Products 


Dept Coshocton 
Glastic Corp., 4312 
17 Ohio 
Houghton Laboratories, 
Ave., Olean, N 
Insulation Manufacturers 
Washington Blvd., 
Mica Insulator Co 


Ohio 


Glenridge, Cleveland 


Inc., 140 Houghton 
Corp 565 W 


Chicago 6, I 
Schenectady 1. N. Y¥ 


National Vulcanized Fibre Co., Wilming 
ton 99, Del, 

Resinite Corp., Div. of Precision Paper 
Tube Co., 6980 North Central Park 


Chicago 45, Til 
Resistofiex Corp., Roseland, N. J 
Ryerson & Son, Inc., Joseph T., Chicago 8 
Til. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 













































SUB-MINIATURE 


Toggle-actuator Unimax USMB-1 switch — 
panel-mounting in less than ¥2 square inch. 
eReliable, precision, snap-acting, 


SPDT, fully-enclosed switch for use 
in miniaturized apparatus. 


























Neer 
SIZE 


























@Rating: 242 a. 30 v d-c, induc- IE ae 
tive; 4 a. 30 v d-c, resistive; = 
5 a. 125/250 v a-c. oa} 





























| Furnished to meet commer- 
| cial standards. Also available 
| for high-temperature use up 
to 275°F. and to meet Mil- - 
itary Specification MIL-S-6743. 






















































FREE DATA SHEET on 

all Unimax sub-miniature 
| switches and actuators avail- Type ATMA 
| able on request. 


UNIMAX SWITCH 


Division The W. L. Maxton Corporation 
IVES ROAD, WALLINGFORD, CONNECTICUT 































































































































































































STOCK 
BORE 
SIZES 




























With Cup-Point 
Socket Set Screws 


CLIMAX 
PRECISION 
SHAFT COLLARS 











Climax Shaft Collars are precision bored, 
machined and plated to assure fit and 
service. Cup-point socket set screws hold 
tight. From %6” to 3” bore in 6” 
increments. Write today for prices. 




























Prompt delivery from stock in 
standard package quantities. 


¥ 
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ELECTRAN MFG. 


CLYBOURN AVENUE 


HERMASEAL 


—Hermaseal 


—Hermaseal 


Bracket Assembly. 


Hermaseal 


10 Kilovolt TERMINAL. - 


THE 





TRANSFORMERS 


Transformers, Saturable 
Reactors, Chokes, Special 
Windings and Electronic 
Devices. Milliwatts to 50 
KVA, single or polyphase in 
all frequencies. 


Complete design and engi- 
neering service. All modern 
techniques, encapsulation, 
casting, military and 
commercial construction. 


And, we’ve got one asset 
you'll find especially helpful: 
WE TRY HARDER! 


Write for Bulletin 53D 


co. 


* CHICAGO 14, ILLINOIS 


Specialists in 


« « « Glass-to-Metal Seals! 


CALL US ON STANDARD 
AND SPECIAL TERMINALS. 


Hermaseal OCTAL Plug 


. . A successful pioneer since 
1943 in glass-to-metal seals, 
compression 
steel) and matched (Kovar), 
to meet your needs. 


rolled 


and te 


with its expert engineer- 
ing staff and the latest in pro- 
duction equipment i 
to serve you. 


ready 


For further information, 
-3773 or write: 


HERMASEAL COMPANY, INC. 


1010 N. Main, Elkhart, Indiana 


Spaulding Fibre Co In Tonawanda, 
a. Me 


Taylor Fibre Co., Norristown, Pa. 
U. 8. Rubber Co., 


2638 N. Pulaski Rd., 
Chicago 39, Ill, 


Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa, 


PLATINUM and PLATINUM PROD- 
UCTS. See also Contacts. 

American Platinum Works, 231 New Jer- 
sey Railroad Ave., Newark 5, N. J. 

Baker * Co., Inc., Newark 5, 


Brainis Co., C. S., 318 Washington, Mt 
Vernon N. Y 

General Plate Div., 
Corp. 1905 Forest, 

How f Harman, 


38, 7 
Ney Co., J. M., 
Wilson Co., 


113 Astor, 


Metals and Controls 
Attleboro, Mass. 
82 Fulton, New York 


P.O. Box 990, Hartford 1, 
H. A., Route 22, Union, N J 


PLIERS and CUTTERS, WIRE 


Klein & Sons, Mathias, 7200 McCormick 
Rd., Chicago 45, Ill, 


PLUGS and JACKS, COMMUNICATION 


Richards Electrocraft, Inc., 3747 N. Ked- 
zie Ave., Chicago 18, Til. 

Switecheraft, Inc., 1328 N. Halsted, Chicago 
22, Ill. 


Conn 


PLUGS and RECEPTACLES 


Amphenol Electronic Corp., 1830 S. 54th 
Ave., Chicago 54, Il. 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Automatic Electric Sales Co., 1033 W. 
Van Buren, Chicago 7, Ill. 

Belden Mfg. Co., 4633 W. 
Chicago 44, Ill. 

Cannon Electric Co., Dept. 
Humboldt, Los Angeles 31, 
Circle F Mfg. Co., 
= & Co., 


Van Buren, 


500, 3209 
Calif. 
Trenton 4, N. J. 

L. L., Route 46, Lodi, 
Cornish Wire Co., Inc., 50 Church, New 

York 7, N. Y. 
Crouse-Hinds Co., Syracuse 1, N. Y. 
General Electric Co., Construction Mate- 

rials Div., Bridgeport 2, Conn. 

Hart Manufacturing Co., 211 Bartholomew 

Ave., Hartford 1, Conn. 

Johnson Co.. E. F., 2331 Second Ave., 
8S. W., Waseca, Minn. 
Jones Div., Howard B., Cinch Mfg. Corp., 

Chicago 24, Ill. 

Molex Products Co., Brookfield, Il. 

Pass & Seymour, Inc., Solvay Station, Syra- 

cuse 9, N. Y. 

Royal Electric Corp., Pawtucket, R. I 

Stromberg-Carlson, A. Div. of General 

Dynamics Corp., 117 Carlson Rd., 

Rochester 3, N. Y. 


PNEUMATIC TOOLS and EQUIPMENT 


Gardner-Denver, Keller Too] Div., Grand 
Haven, Mich. 


PORCELAIN. See Ceramics. 


POSTS, BINDING 


Littelfuse, Des Plaines, Ill 
Superior Electric Co., 803 Middle, Bristol, 
Conn 


Broad, 
8613 Howard, 


, St. Marys, Pa. 


POTENTIOMETERS. See also Rheostats 

Ace Electronics Associates, Dept. EM, 101 
Dover, Somerville 44, Mass. 

Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4, Wis. 

Borg Equipment Div., George W. Borg 
Corp., Janesville, Wis 

Bourns Laboratories, P. O. Box 2112 
Riverside. Calif. 

Clarostat Mfg.. Co., Inc., Dover, N. H 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J. 

Gisentad & Co., Inc., G. M., Pasadena 1, 
Calif. 

Helipot Corp., Div. of Beckman Instru- 
ments, Inc., Newport Beach, Calif 

International Resistance Co., 401 N. 
Philadelphia 8, Pa. 

Ohmite Manufacturing Co., 
Skokie, Ill 

Stackpole Carbon Co. 

Transicoil Corp., Worcester, Montgomery 
County, Pa. 

Weston Electrical Instrument Corp., A Sub. 

of Daystrom, Inc., 614 Frelinghuysen 

Ave., Newark 5, N. J 


POTS and LADLES, MELTING 


General Electrical Co., Apparatus Sales 
Div., Schenectady 5, N. Y¥ 
Vulcan Blectric Co., Danvers 2, Mass. 


POWDERED METAL PRODUCTS. See 
also Bearings and Bushings; Contacts. 
Amplex Div., Chrysler Corp., Detroit 31, 
Mich 

Gibson Electric Co., 8349 Frankstown Ave., 
Pittsburgh 21, Pa. 

a & Co., Inc., P. R., Indianapolis 
6, Ind 

Radio Cores, Inc., 9546 Tulley Ave., Oak 
Lawn, Ill. (Iron Cores) 

Stackpole Carbon Co., St. Marys, Pa. 

United States Graphite Co., 1621 Holland, 
Saginaw 8, Mich. 


POWDERS, METAL 


American Platinum Works, 231 New 

sey Railroad Ave., Newark 5, N. Y. 

enty fe Harman, 82 Fulton, New York 
.. ¥. 


a8, } 
New Jersey Zinc Co., 160 Front, New York 
Bronze, Copper and 


Jer- 


38. N. Y. (Brass, 
Zinc) 


MAY 


POWER SUPPLY UNITS 
American Television & Radio Co., St. Paul 


1, Minn. 
Electro Products Laboratories, Ine., 4501 
Chicago 40, Til. 


N. Ravenswood Ave., 
North Chi- 


Fansteel Metallurgical Corp., 
eago, Til 

a & Co., Inc., P. R., Indianapolis 6 
nd. 

Servomechanisms Ine. Mechatrel Div., 625 
Main, Westbury, L we 

Superior Electric Co., 803 Middle, Bristol, 
Conn 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas. 

PRE-PLATED METALS 
Brass, Copper, Steel, Zinc, 
Strip) 

American Nickeloid Co., Peru 3, Til. 

7 Electric Co., 803 Middle, Bristol, 
onn. 


(Aluminum, 
Sheet and 


PRINT MACHINES 


Ozalid, A Div. of General Aniline & Film 
Corp., Johnson City, N. Y¥ 


PUMPS 


Allis-Chalmers, Milwaukee 1, Wis. 

Bendix Aviation Corp., Scintilla Div., 
ney, N. Y. 

Robbins & Myers, Inc., 
field, Ohio 


Sid- 


Pump Div., Spring- 


PUSH BUTTON STATIONS 
Allen-Bradley Co., 1316 8. Second, Mil- 


waukee 4, Wis 
Allis-Chalmers, Milwaukee 1, Wis. 
Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 
Automatic Electric Sales Corp., 1033 W. 
Van Buren, Chicago 7, Ill 
Clark Controller Co., 1146 E. 152nd, Cleve- 
land 10, Ohio 
Crouse-Hinds Co., Syracuse 1, N. 
Cutler-Hammer Inc., 1264 St. Paul Ave., 


Apparatus Sales Div., 


Schenectady 5, N.Y. 
Micro Switch, A Div. of Minneapolis- 
Freeport, Ill. 


Honeywell Regulator Co., 
Milwau- 


Square D Co., 4041 N. Richards, 
kee 12, Wis. 
Stromberg-Carlson, A Div. of Genera) 
Dynamics Corp., 117 Carlson Rd. 
Rochester 3, N. Y. 

Ward Leonard Hiectric Co., 34 South, 
Mount Vernon. N. Y. 

Westinghouse es Corp., Gateway Cen 
ter Bide. No. 3, 401 Liberty Ave. 
Pittsburgh 30, Pa. 


PYROMETERS 


Assembly Products, Inc., 
Ohio 

Bristol Co., Waterbury 20, Conn. 

Weston Electrical Instrument Corp., A Sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 

Wheelco Instrument Div., Barber-Colman 
Co., 1403 Rock, Rockford, TL. 


QUARTZ, FUSED 


Amersil Co., Inc., 
side 5, N. J. 


Chesterland 14 


685 Ramsey Ave., Hill 


REACTORS. See Transformers 


RECORDER COMPONENTS, MAGNET- 
IC. See Instruments. 


RECORDERS, COMPUTER. See Instru- 
ments, Electronic. 


RECORDERS, GRAPHIC 
See Instruments 


RECORDERS, OSCILLOGRAPHIC 


Brush Electronics Co., 3405 Perkins Ave., 
Cleveland 14, Ohio 

Sanborn Co., Industrial Div., 
Waltham 54, Mass. 


175 Wyman, 


RECTIFIERS, SEMICONDUCTOR 


Fansteel Metallurgical Corp., Rectifier Div.. 
North Chicago, Ill. (Selenium) 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegrapb 


Corp., 100 Kingsland Rd., Clifton 

General Electric , Apparatus Sales Div., 
Schenectady 5, N. Y. (Selenium, Copper 
Oxide Industrial Germanium) 

General FElectrie Co., Electronics Div., 
Electronics Park, Syracuse 1, N. Y 
(Germanium Diode) 

International Rectifier Corp., 1521 E. 
Grand Ave., El Segundo, Calif. (Selen- 
ium) 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa. 

Mallory & Co., Inc.. P._ R., Indianapolis 
6, Ind. (Magnesium-Copper Sulphide) 

Radio Receptor Co Inc., Semiconductor 
Div., 240 Wythe Ave. Brooklyn 11, N. Y. 
(Germanium Diode, Selenium) 

Sarkes Tarzian, Ine., Restifier Div., Dept. 
M-1, 415 N College Ave., Bloomington, 
Ind. 

Syntron Co., Homer City, Pa. 

Ther Electric & Maehine Works, 114 8. 
Jefferson, Chieago 6. Til, (Selenium) 
Tranisitron Electronic Corp., Wakefield, 

Mass. (Silicon) 

Union Switch & Signal Div., Westinghouse 
Air Brake Co., Pittsburgh 18, Pa 
(Selenium) 4 

Vickers Electric Div., Vickers Inc., 1803 
Locust, St. Louls 3, Mo. 

Westinghouse Blectric Corp., Gateway Cen- 
ter, Bldg. No. 8, 40 
Pittsburgh 30, Pa. 


Liberty Ave., 


RECTIFIERS, TUBE TYPE 


Allis-Chalmers, Milwaukee 1, Wis 


1957 ELECTRICAL MANUFACTURING 














Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. 

Eitel-McCullough, Inc., San Bruno, Calif. 

oe. Inc., 127 Sussex Ave., Newark 8, 

: 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 8, 40 ” Liberty Ave., 
Pittsburgh 30, Pa. 


REGULATORS, MOTOR SPEED. See 
Controllers, Motor. 


REGULATORS, TEMPERATURE. See 
Thermostats 


REGULATORS, VOLTAGE. See also 
Transformers, Variable Voltage. 


Acme Electric Corp., Cuba, N. Y. 

Allis-Chalmers, Milwaukee 1, Wis. 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. ¥ 

Curtiss-Wright Corp., Carlstadt, N. J. 

Eseco Works, Deita-Star Div., H. K. 
Porter Co., Inc., Lockport, Ill. 

Genera! Electric Co., i, Aeperonee Sales Div., 
Schenectady 5, 

R-B-M “Control’’ Div. Essex Wire Corp., 
Logansport, Ind. 

eos equate Co., 4633 W. 16th, Chicago 


Standard Electrical Products Co., 2240 E. 
Third, Dayton 3, Ohio. 

Superior Electric Co., 803 Middle, Bristol. 
Jonn. 

Vickers Electric Div.. Vickers Inc., 1808 
Locust, St. Louis 8, Mo. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


RELAYS and CONTACTORS 


AEMCO, Inc., 50 State, Mankato, Minn. 

A G’ A Div. of Elastic Stop Nut Corp 
* — 1027 Newark Ave., Elizabeth 

Adams & Westlake Co., Elkhart, Ind. 
(Mercury) 

Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis. 

Allied Control Co., Inc.. 2 East End Ave., 
New York 2]. N. Y 

Allis-Chalmers, Milwaukee 1, Wis. 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. (Delay Thermostatic 
Metal Bulb Type) 

Anderson Controls, Inc., 2777 Mannheim 
Rd., Des Plaines, Ill. 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne. Hartford 6, Conn 

Acsombly Products, Inc., Chesterland 14, 

no 

Automatic Electric Sales Corp., 1033 W. 
Van Buren, Chicago 7, Ll. 

Automatic Switch Co., 50-M Hanover Rd., 
Florham Park, N. J. 

Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 

Ave., Philadelphia 44, Pa. 

Barber-Colman Co., Dept. Q, 1803 Rock 
Rockford, LiL 

Bristol Co., Waterbury 20, Conn. 

Bristol Motor Div., Vocaline Co. of 
America, Inc., Old Saybrook, Conn. 
(Time Delay) 

Clare & Co., C. P., 3101 Pratt Bivd., 
Chicago 45, Ill 

Comar Electric Co., 3349 W. Addison, 
Chicago 18, Ill. 

Crgmer Controls Corp., Box 8, Centerbrook, 
onn. 

Curtiss-Wright Corp., Carlstadt, N. J. 
(Time Delay) 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Durakool, Inc., Elkhart, Ind. (Mercury) 

E-T-A Products Co. of America, 5085 N. 
Elston Ave., Chicago 50, TIL 

Elgin National Watch Co., Electronics Div., 
Elgin, Ill 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telgraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

Filtors, Inc., 30 Sagamore Hill Dr., “Port 
Washington, L. I., N. Y. 


G-V Controls Inc., 8 Hollywood Plaza, 
East Orange, N. é. 


Genera) Electric es Apparatus Sales Div., 
Schenectady 5, Oe 
Guardian Hhecirie. ‘1627-E W. Walnut, 


Chicago 12, TI. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Haydon Co., A. W., 234 N. Elm, Water- 
bury 20 Conn 

Haydon Mfg. Co,. Inc., 2527 Elm. Tor- 
rington, Conn 

Heinemann Electric Co., 99 Plum, Trenton 
2, N. J. (Time delay) 

Kellogg Switchboard and Supply Co., 79 
W. Monroe, Chicago 3, Ill. (Magnetic 
Impulse) 

Lakewood Controls Corp., 264 E. Prairie, 
Crystal Lake, Il. 

Leach Corp., Leach Relay Div., 5915 Ava- 
lon Blvd., Los Angeles 3, Calif 

McGraw-Edison Co., Instrument Div., 
Dept. 53, West Orange, N. 

McQuay-Norris Manufacturing Co., 2322 
Marconi, St. Louis 10, Mo. 

Magnecraft Electric Co., 3352 W. Grand 
Ave., Chicago 51, Il. 

Mercoid ¢ Corp., 4201 Belmont Ave., Chicago 

Ohmite i ctesinitin Co., 2613 Howard. 
Skokie, Ill. 

Phillips Control Corp., 59 W. Washington, 
Joliet, Ill. 

Potter & Brumfield Mfg. Co., Inc., Sub. 
of American Machine & Foundry Co., 
Princeton, Ind. 

Price Electric Corp., 1500 Church, Frede- 
rick, Md. 

R-B-M “‘Control’’ Div., Essex Wire Corp., 
Logansport, Ind. 

Radio Corp, of America, Tube Div., Har- 
rison, N. J. 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, is. 
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Standard Electrical Products Co., 2240 E 
Third, Dayton 3, Ohio. 

Stromberg-Carison, A Div. of General 
Dynamics Corp., 117 Carlson § Rd., 
Rochester 3, N. Y. 

Union Switch & Signal Div., Westinghouse 
Air Brake Co., Pittsburgh 18, Pa. 
Universal Relay Corp., 42 White, New 

York 13, N. Y. 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Weston Electrical Instrument Corp., A sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 

Wheelock Signals, Inc., 273 Branchport 
Ave., Long Branch, N. J. 

Wiegand Co., Edwin L., 7530 Thomas 
Blvd., Pittsburgh 8, Pa. 

Zenith Electric Co., 152 W. Walton, Chi- 
cago 10, Ill 


REMOTE CONTROLS. See Push Button 
Stations; Relays and Contactors; Switch- 
es; Controls, Pressure and Tempera- 
ture. 


RESINS, INSULATING. See Varnishes 
Compounds and Resins, Insulating 


RESISTANCE ALLOYS 


Driver Co., Wilbur B., 150 Riverside Ave., 
Newark 4, N. J. 

Driver-Harris Co., Harrison, N. J. 

Kanthal Corp., 3 Amelia Pl., Stamford, 
Conn. 


RESISTANCE HEATING UNITS. See 
Heating Elements and Units. 


RESISTANCE LINE CORDS 


General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn 


RESISTANCE WIRE. See Wire, Resist- 
ance. 


RESISTORS, INSTRUMENT and RADIO 


Aerovox Corp., New Bedford, Mass 

Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y¥. (Bulb Type) 

Centralab Div. of Globe-Union, Inc., 
962 E. Keefe Ave., Milwaukee 1, Wis 

Clarostat Mfg. Co., Ine., Dover, N. H. 

Corning Glass Works, Technical Products 
Div., Corning, N. Y. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Dale Products, Inc., 1306 28th Arve., 
Columbus Nebraska 

Daven Co., 536 W. Mt. Pleasant Ave 
Route 10, Livingston, N. J 

“> Resistor Corp., Electronics Div., Erie, 
a. 

Glenco Corp., Gulton Industries, Inc., 212 
Durham Ave.. Metuchen, N. J 

Hardwick, Hindle, Inc., 40 Hermon, New- 
ark, 5 N. J 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa 

Mallory & Co., Inc., P. R.. Indianapolis 
6, Ind 

Ohmite Manufacturing Co., 3613 Howard, 
Skokie, Ill 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Resistance Products Co., 914 S. 13th, 
Harrisburg, Pa 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis. 

Stackpole Carbon Co., St. Mary, Pa. 

Texas Instruments, Incorporated, 6000 
Lemmon Ave., Dallas 9, Texas 

Tru-Ohm Products, Div. of Model Engi- 
neering & Mfg... Inc., Chicago 18, Ill. 

Ward Leonard Electric Co., 34 South 
Mount Vernon, N. Y. 

Weston Electrical Instrument Corp., A sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


RESISTORS, POWER CIRCUIT 

Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Dale Products, Inc., 1306 28th Ave., 
Columbus, Nebraska 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J. 

= Resistor Corp., Electronics Div., Erie, 
a. 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y. 

Hardwick, Hindle, Inc., 40 Hermon, New- 
ark 5, N. J. 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. 

Onsite Mfg. Co., 3613 Howard, Skokie, 


Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

Tru-Ohm Products, Div. of Model Engi- 
neering & Mfg., Inc., Chicago 18, Ill 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. 


RESOLVERS. See Servomechanisms 


RHEOSTATS, INSTRUMENT and RADIO 

Allen-Bradley Co., 1316 8. Second, Mil- 
waukee Wis. 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. (Bulb Type) 

Clarostat Mfg. Co., Inc., Dover, N. H. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Hardwick, Hindle, Inc, 40 Hermon, New- 
ark 5, N. J. 


Mallory & Co., Inc., P. BR., Indianapolis 
6, Ind. 






















NATIONAL LOCK 
Special Fasteners 
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THREE FASTENERS 
specifically designed 
FOR YOUR REQUIREMENTS 






Adee PHILLIPS FINISHING 
| - HEAD SCREWS 


This special o..e-piece fastener 
gives the appearance of a 
screw and separate finishing 
washer. Requires a single 
application. Saves time on the 














line . . . cuts fastener costs. 






Available as sheet metal 






screws, Sems, wood, machine 





and thread-cutting screws. 








PHILLIPS HEXAGON 
WASHER HEAD SCREWS 


Head and washer are one 
piece. Eliminates separate flat 
washers. Provides greater 













production line efficiency. 
| Hexagon head simplifies serv- 
ice in the field. Washer covers 
clearance holes... assures 
better seating. Now available 


in all threads and sizes. 











SPECIAL-PURPOSE 
HEXAGON POINTED BOLTS 


New hexagon point allows 
bolt adjustment, even after 
head has been covered in as- 
sembly. Available in any head 
style...also as Sems with 
pre-assembled lock washers 
or stampings. Can be used as 
2h a thread cutting screw with- 
oth out damaging the point. 


LOOK TO NATIONAL LOCK FOR THE FINEST 
IN STANDARD AND CUSTOM-BUILT HARDWARE 
Hinges @ Catches @ Pulls 
Assembled Crating Bolts 
Everything in appliance hardware 




















































































ONE STOP—SHORT RUN 
STAMPING SERVICE: 


Federal 


ee 
J 


DRILLING 


DRAWING PIERCING 


FREDDY 
FEDERAL SAYS: 
tie bit here and a liftle 
eit ae ole 
“LSM Lim liles . 
FEDERAL 


TAPPING BLANKING 


i Ow, 


nS y 


STENCILING EXTRUDING 


The next time you require parts of any shape or size up 
to 10"x 14"x 4" thick of any stampable material send 
your print, sketch or part for an... 


TOOL & MFG. CO. 


Quality Stampings in 
Small Quantities 


3608 Alabama Ave., Minneapolis 16, Minn. 





MINIATURE TYPE 
Ae: 


ACTUAL SIZE 


HERMETICALLY SEALED 


Introducing a new Mercoid hermetically sealed mercury 
switch—a tilting type switch designed to be installed 
in the same manner as a cartridge fuse (spring clips or 
holders can also be used for mounting purposes). 

Operation is noiseless and contact position is readily 
visible. 

Its small size and light weight make it particularly 
adaptable for such applications as business machines, 
coin operated machines, signals, sign flashers or 
refrigerator doors. 

Electrical rating: SP-ST: 1.75 amp. 115 volts; 0.6 amp. 
230 volts. 

WRITE FOR BULLETIN 665 


THE MERCOID CORPORATION 
4209 Belmont Ave., Chicago 41, III. 





Ohmite Mfg. Co. 
ul 

Rex Rheostat Co., Baldwin, L. I., N. Y. 
tru-Ohm Products, Div. of Model Engi- 
neering & Mfg., Inc., Chicago 18, Ill, 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. Y. 


3613 Howard, Skokie, 


RHEOSTATS, POWER CIRCUIT 


Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis 

Clarostat Mfg. Co., Inc., Dover, N. H. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Haruw Hindle, Inc, 40 Hermon, New- 
ark 5, N. J 
National Electric 
Glenwood Ave., 
Ohmite Mfg. Co 


Controller Co., 7070 
Chicago 26, Tl 

3613 Howard, Skokie, 
Til 


Rex Rheostat Co., Baldwin, L. L, N. Y. 

Superior Electric Co., 803 Middie, Bristol, 
Conn 

Tru-Ohm Products, Div. of Model Engi- 
neering & Mfg., Inc., Chicago 18, IL 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. Y 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


RINGS, COLLECTOR 


Baker & Co.. Inc., 113 Astor, Newark 5, 
N. J. (Precious Metal) 

General Plate Div., Metals & Controls 
Corp., 1945 Forest, Attleboro, Mass. 
(Precious Metal) 

Midwest Molding & Mfg. Co., Gurnee 96, 


Ney Co., J. M., P.O. Box 990, Hartford 1, 


Conn 

Nippert Electric Products Co., 1759 W. 
Mound Columbus 238, Ohio 

Toledo Commutator Co., South Chestnut, 
Owosso, Mich 


Wilson Co., H. A., Route 22, Union, N.J. 


RINGS, RETAINER and SNAP 


Associated Spring Corp., Bristol, Conn. 

bai + ss ec Inc., George K., Philadelphia 
34 a 

Industrial Retaining Ring Co., 57 Cordier, 
Irvington 11, N. J 

National Lock Washer Co., 40 Hermon, 
Newark 5, N. J 

Radio Frequency Laboratories, Inc., 
ton. N. J 

United States Gasket Co., Plastics Div. of 
= poanioek Packing Co., Camden 1, 

Waldes Kohinoor, Inc., 47-16 Austel PL, 
Long Island City 1, N. ¥ 


Boon- 


RIVETS. See Fasteners. 


RIVET SETTING MACHINES 


Chicago Rivet & Machine Co., 9609 W. 
Jackson Bivd., Beilwood, IL 

Milford Rivet & Machine Co., Milford, 
Conn. 


ROLLER BEARINGS. See Bearings, Ball 
and Rolier 


RUBBER and RUBBER PRODUCTS 


Acadia Synthetic Products, Div. Western 
Feit Works, 4021-4139 W. Ogden Ave., 
Chicago 23, Ill. (Silicone) 

Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn 

Dow Corning Corp., Midland, Mich. 
(Silicone) 

Enjay . Inc., 15 West 5lst, New York 
19. N E 

General Electric Co., 
Decatur, Ill 

Goshen Rubber Co., Inc., P. O. Box 517, 
Goshe Ind 

Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Ill 

Parker Appliance Co., 17325 Buclid Ave., 
Cleveland 12, Ohio 

Phoenix Manufacturing Co., Rubber Prod 
ucts Div Joliet, Til 

Raybestos-Manhattan, Inc., Plastic Prod- 
ucts Div Manheim, Pa. 

Roth Rubber Co., 1860 8. 54th Ave., 
Chicago 50, Il. 


Plastics Dept., 


SAWS, COMMUTATOR, See Commutator 


Saws and Slotters. 


SCRAPER RINGS. See Rings. Retainer 


and Snap 


SCREW DRIVERS, 


Tools, Portable 


PORTABLE. See 


SCREW MACHINE PRODUCTS. See also 
Fibre: Plastics 

Aluminum Co. of America, Alcoa Bidg., 
Pittsburgh 19. Pa 

Chase Brass & Copper Co., Sub of Ken. 
necott Copper Corp., Waterbury 20, Conn 

Master Appliance Mfg. Co., Racine 2, Wis. 

Milford Rivet & Machine Co., Milford, 
Conn 


SCREWS. See Fasteners 


SEALING COMPOUNDS. See Cement, 
Insulating and Sealing; Waxes and Com- 
pounds 


SEALS and TERMINALS, HERMETIC 


Advanced Vacuum Products, Inc., Div. 
of General Ceramics Corp., 118 Liberty, 
Stamford, Conn 

American Lava Corp., Chattanooga 5, Tenn. 

Amphenol Electronics Corp., 1830 8. 45th 
Ave.. Chicago 54, Ill 

Constantin & Co., L. L., Route 46, Lodi, 
N. J 

Biectrical Industries, 691 
Murray Hill, N. J 


Central Ave., 


General Ceramics Corp., Keasbey, N. J. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. (Giass Bushings) 

Bemeeea Co., Inc., 1010 Main, Elkhart, 
nd. 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa. 

Kearfott Co., Inc., 1378 Main Ave., 
Clifton, N. J 

Phillips Control Corp., 59 W. Washington, 

Joliet, Ill 


SEALS, MECHANICAL. (Rotary Shaft) 


Crane Packing Co., 6424 Oakton, Morton 
Grove, Ill 


Garlock Packing Co., Paimyra, N. Y 


SEALS, OIL aud GREASE 


Gits Bros., Mfg. Co., 1840 8S. Kilbourn 
Ave., Chicago 23, Ill 

Syntron Co., Homer City, Pa. 

United States Gasket Co., Plastics Div 
“ :s Garlock Packing Co,, Camden 


SELENIUM RECTIFIERS. See Rectifiers 
Semiconductor. 


SEMICONDUCTOR PRODUCTS. See Rec- 
tifiers, Semiconductor; Transistors and 
Crystal Diodes. 


SERVOMECHANISMS (Controls, Syn- 
chros, ete.) Also see Motors. 


Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa. 

Bristol Co.. Waterbury 20, Conn. 

Dieh| Manufacturing Co.. Electrical Div 
of The Singer Manufacturing Co., Somer- 
ville, N. J 

Eclipse-Pioneer Div 
Corp., Teterboro, N. J 

Helipot Corp., Div. of Beckman Instru- 
ments Inc., Newport Beach, Calif. 

Kearfott Co., Inc., 1378 Main Ave., Clif- 
ton, N. J 

Oster Manufacturing Co., John, Avionie 
Div., Racine, Wis. 

Servospeed Co., Div. of Electro-Devices, 
Inc., 4 Godwin Ave., Paterson 1, N. J. 

Transicoil Corp., Worcester, Montgomery 
County, Pa. 


Bendix Aviation 
J 


SHAFTS, FLEXIBLE 

United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 
3,..Bm 4: 


SHEAVES. See Drives, Belt. 


SHEET METAL FABRICATORS 
Cincinnati Ventilating Co., 308 Madison 
Ave., Covington, Ky 
Cox Co.. H. F., 601 Ottawa Ave., N. W.. 

Grand Rapids 2. Mich 
Hoffman Wngineering Corp., Dept. EM-41 
Anoka, Minn. (Terminal and Pull Boxes) 
Kirk & Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio. 


SHEETS, ELECTRICAL. See Steel, Elec 
trical. 


SHIELDING ELECTRONIC 


Metal Textile Corp., Roselle, N. J. (Knitted 
Metallic Strips, Gaskets, etc.) 


SHIELDS, ELECTRON TUBE 


International Electronic Research Corp 
145 W. Magnolia, Burbank, Calif. 


SHIPPING SERVICES 

United Air Lines, Cargo Sales Div., 36 8 
Wabash Ave., Chicago 3, Ill. (Air 
Freight) 


SIGNAL DEVICES 

Crouse-Hinds Co., Syracuse 1, N. Y 

Wheelock Signals, Inc., 273 Branchport 
Ave., Long Branch, N. J. 


LIGHT ASSEMBLIES. See 
Pilot and Indicator. 


SIGNAL 
Lights 


SILICON DIODES. See Transistors and 
Crystal Diodes. 


SILICONES 


Auburn Manufacturing Co., 306-I Stack. 
Middletown, Conn 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13. Del. 

Dow Corning Corp., Midland, Mich. 

Formica Corp., Sub. of American Cy- 
anamid, 4521-7 Spring Grove Ave., Cin- 
cinnati 32, Ohio 

General Electric Co., Silicone Products 
Dept., Waterford, N. Y 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Til. 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge. N. J 

Taylor Fibre Co., Norristown, Pa. 

Union Carbide & Carbon Corp., Silicones 
Div.. 420 Lexington Ave., New York 17 
-_ Be 


SILVER and SILVER ALLOYS. See also 
Contacts and Contact Points. For Solder, 
see Brazing Alloys, Silver. 


Baker & Co., Inc., 113 Astor, Newark 5 
N. J 


Brainin Co., C. S., 318 Washington, Mt 
Vernon, N. Y. 

Deringer Metallurgical Corp., 8129 Monti- 
cello Ave., Skokie, Il 

Fansteel Metallurgical Corp., North Chi- 
cago, Ill. 

General Plate Div., Metals and Control 
Corp., 1905 Forest, Attleboro, Mass 
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New York 
Indianapolis 


Bandy & Harman, 82 Fulton, 
38, z. 


Mallory” & Co., Inc., P. R., 
. 
Ney Co., J. M., P.O. Box 990, Hartford 1, 


Conn. 
Sel Rex or. 155 Manchester Pl., New- 
Wilron’ Co., H. A., Route 22, Union, N. J. 


ark 4 
SLEEVE BEARINGS. See Bearings and 
Bushing 


SLEEVING, SATURATED. See Tubing 
and Sleeving. Braided Fabric. 


SLEEVING and TAPE, ASBESTOS 
Insulation Manufacturers Corp., 565 W. 


Washington Blvd., Chicago 6, Ill. 
Johns-Manville, Box 14, New York 16, 


i 
Raybestos-Manhattan, Inc., Plastic Prod- 


ucts Div., Manheim, Pa. 


SLIDE ASSEMBLIES 


Radio Tyeapeas Laboratories, Inc.. 


Boon- 
ton, N. J 


SLIDE RULES, CALCULATING 
Keuffel & Esser Co., Hoboken, N. J. 


SLIP RINGS. See Rings, Collector. 


SLOT INSULATION. Sce Fabrics, Insulat- 
ing; Mica; Paper, Insulating; Tubing 
and Sleeving, Braided Fabric. 


SLOTTERS, MICA. See Commutator Saws 
and Slotters. 


SOCKET SCREW KEYS and 
WRENCHES 


Allen Manufacturing Co., 133 Sheldon, 
Hartford 5, Conn 

Bristol Co., Waterbury 20, Conn. 

stgnrend Pressed Steel Co.. Jenkintown 9. 
‘a. 


SOCKETS and ADAPTERS. RADIO. See 


Plugs and Receptacles. 

SOCKETS and RECEPTACLES, LAMP 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Automatic Electric Sales Corp., 1033 W. 
Van Buren, Chicago 7, JIL 

Circle F Mfg. Co., Trenton 4, N. J. 

Dialight Corp., 44 Stewart Ave., Brook- 
lyn 37. N Y. 

Drake Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, Ill. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2. Conn. 

Pass & Seymour, Inc., Solvay Station, Sy- 
racuse 9, N. Y 

United States Gasket Co.. Plastics Div. 
¢ » sas Garlock Packing Co., Camden 1. 


SOCKETS, FLUORESCENT. See Fluores- 
cent Lamp Auxiliaries. 


SOCKETS, VACUUM TUBE 


Amphenol Electronics Corp., 
Ave., Chicago 54, Ill. 
Mycalex Corp. of America, Clifton Blvd, 

Clifton, N. J 
United States Gasket Co.. Plastics Div. 


¢ + in Garlock Packing Co., Camden 1. 


1830 S. 54th 


SOCKET SCREWS. See Fasteners. 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquids, Salts, ete.) 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 
Essex Wire Corp., Wire and Cable Div., 
Fort Wayne. Ind. 
General Electric Co., 
Schenectady 5, N., 
Handy & Harman, 82 Fulton, New York 


38, N. 
4209 Wrightwood Ave.. 


Kester Solder Co., 
Chicago 39, Tl. 

London Chemical Co., Ine., 1537 North 
S3ist Ave., Melrose Park, Ill. 

National Lead _Co.. 111 Broadway, New 
York 6, N. Y. 


SOLDERING EQUIPMENT 
(Irons, Machines, ete.) 
General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 
Ideal Industries. Inc., 1008 Park Ave., 
Danvers 2, Mass. 


Sycamore, Il 

Vulcan Electric Co., 

SOLDERLESS CONNECTORS. See Con- 
nectors, Wire and Cable 


Agoemins Sales Div., 


SOLDER PRE-FORMS. See also Brazing 
Alloys, Silver 


Handy & Harman, 82 Fulton, New York 
38. N. Y. 

Kester Solder Co., 
Chicago 39, Ill 


SOLDER. SELF-FLUXING 
For Silver Solders see Brazing Alloys. 
Kester Solder Co., 4209 Wrightwood Ave., 
Chicago 39, IIL. 
National Lead Co., 
York 6. N. Y. 


4209 Wrightwood Ave., 


111 Broadway, New 


SOLENOIDS 


Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 


Anderson Controls, Inc., 2777 Mannheim 
Rd., Des Plaines, Ml. 

Automatic Electric Sales Corp., 1033 W. 
Van Buren, Chicago 7, Il. 

Automatic Switch Co., 50-M Hanover Rd., 
Florham Park, N. J 

Cannon Electric Co., Dept. 500, 3209 Hum- 
boldt, Los Angeles 31, Calif. 


Comar Electric Co., 3349 W. 
Chicago 18, Ill. 

Controls Co, of America, Soreng Div., 
9551 Soreng Ave., Schiller Park, Tl. 
Cutler-Hammer, Inc., 1264 St. Paul Ave., 

Milwaukee 1, Wis 
Detroit Coil Co., 2435 Hilton Rd., Detroit 
20. Mich. 
Dormeyer Industries, 3414 Milwaukee Ave., 
Chicago, IL 
Genera! Electric Co 
Schenectady 5, 
Guardian Electric Co., 
Chicago 12, Ml 
Leach Relay Div., Leach Corp., 5915 Ava- 
lon Blvd., Los Angeles 3, Calif. 
Leetronics, Inc., Dept. EM-10, 36 Main, 
Brooklyn 1, N. ¥ 
Leland, Inec., G. H., 
2, Ohio 
MecQuay-Norris Manufacturing Co., 2322 
Marconi, St. Louis 10. Mo = 
Master Appliance Mfg. Ce., Racine 2, Wis 
Oak Mfg. Co., 1258 Clybourn Ave., Chi- 
cago 10, Ill. 
Phillips Control Corp., 
Joliet, Ill 
R-B-M “‘Control’’ Div., 
Logansport, Ind. : 
Trombetta Solenoid Corp., 329 N. Mil- 
waukee, Milwaukee 2. Wis 
West Coast Electrical Mfg. Corp., 233 W. 
116 Pl., Los Angeles 61, Calif 
Westinghouse Electric Corp., Gateway, 
Center. Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 22, Pa. 


SPEED 


Addison, 


. Apparatus Sales Div., 
Y 


1627-E W. Walnut, 


123 Webster, Dayton 


59 W. Washington, 


Essex Wire Corp.. 


INDICATORS. See Tachometers. 


SPEED REDUCERS and DRIVES 
For Motorized Units. see Motors. 


Allis-Chalmers, Milwaukee 1, Wis 

Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave.. Ft. Wayne, Ind 

Century Electric Co., 1806 Pine, St. Louis 
3, Mo 

Eaton Mfg. Co., Dynamatic Div., 
Wis. 

General Electric Co. 
Schenectady 5, N 

Reeves Pulley Co.. Columbus, Ind. 


Kenosha 


Apparatus Sales Div.. 
Y 


SPOOLS, WIRE 


Hubbard Spool Co., Garrett. Ind. 


SPRINGS, COIL and FLAT 

Accurate Spring Mfg. Co., 3817 W. Lake, 
Chicago 24, Ill. 

American Spring and Wire Specialty Co.. 
816 N. Spaulding Ave.. Chicago 51, Ml 

American Steel & Wire Div.. U. S. Steel 
Corp., Reckefeller Bidg., Cleveland 13 
Ohio 

Associated Spring Corp., Bristol 

Barnes Co.. Wallace, Div. 
Spring Corp., Bristol, Conn. 

Barnes-Gibson-Raymond. Div 
Spring Corp.. 40300 Plymouth Rd. 


Plymouth, Mich. 
John, 85 Cliff, New 


Chatillon & Bons. 
York 38, N 

Dudek & Bock ties Mfg. Co., 4016 W 
Grand Ave., Chicago 51, Tl 

Dunbar Bros. Co.. Div. Associated Spring 
Corp., Bristol, Conn. 

Garrett Co., Inc., George K., Philadelphia 


34, Pa. 
Gibson Co., William D., Div. 


Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 
eago 14. Til 

Gibson Electric Co., 
Pittsburgh 21, Pa 

Hunter Spring Co., 22 Spring Ave., 
dale, Pa. 

Instrument Specialties Co., Inc., 
gen Bivd.. Little Falls, N. J. (Beryl- 
lium, Copper) 

Lewis Spring & Mfg. Co.. 2646 W. North 
Ave.. Chicago 47, Ill 

Ohio Div., Associated Spring Corp., 1712 
E. 1st, Dayton, Ohio 

Raymond Mfg. Co.. Div. Associated Spring 
Corp., Corry, Pa. 


Conn 
Associated 


Associated 


8349 Frankstown A’ve.. 
Lans- 


244 Ber- 


STAINLESS STEEL. See Steel. 
cial Forms and Grades. 


STAMPINGS. METAL 

Accurate Spring Mfg. Co., 3817 W. Lake. 
Chicago 24, Il. 

Aluminum Goods Manufacturing Co., Man- 
itowoc, Wis 

American Spring and Wire Specialty Co., 
816 N. Spaulding Awe., Chicago 51, Ill. 

Auburn Manufacturing Co.. 306-I Stack, 


Commer- 
Middletown, Conn. 

Barnes Co., Wallace, Div. Associated 
Spring Corp., Bristol, Conn. 

Barnes-Gibsen-Raymond Div. Associated 
Spring Corp., 40300 Plymouth Rd., Ply- 
mouth, Mich. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Deringer Metallurgical Corp., 8129 Monti- 
cello Ave., Skokie, Tl 

Dudek & Bock Spring Mfg. Co., 4016 W. 
grand Ave,, Chicago 51, Tl. 

Dunbar Bros. Co.. Div. Associated Spring 
Corp., Bristol, Conn. 

eins Co., 27 Wright, Newark 5, 

= Resistor Corp., Electronics Div., Erie. 
‘a. 

Federal Tool & Manufacturing Co., 3609 
Alabama Ave., Minneapolis 16, Minn. 

Fryling Mfg. Co., Erie, Pa. 

Pe OS Ine., George K., Philadelphia 

. a 

Gibson Co., William D., Div. Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 
eago 4, Til. 

Heyman Mfg. Co., Kenilworth 1, N. J. 

Joliet Wrought Washer Co., Joliet, Tl. 

Kirk and Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio 

Lewis Spring & Mfg. Co., 2646 W. North 
Ave., Chicago 47, Ill 

Malco Tool and Manufacturing Co., 4021 
W. Lake, Chicago 24, TL 

Mohawk Mfg. Co., Middletown, Conn. 
(Threaded) 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





.. Remote Controls 


you can... 


ee? PULL 
€ 


™~\ 


at lower cost 


Arens low cost 
standard controls 


give you the benefit 
of quantity 
production. We also 


engineer ‘*specials.’’ 


Write 
For 
Information 


ARES controts, INC. 


2005 Greenleaf Street * Evanston, Illinois 


ENCLOSURES 
and PANELS 


A complete range from 12 x 12" 
to 60x90". These new engi- 
neered enclosures comply with 
J.C. specifications and are 
available to help you solve 
your junction box requirements 
at lower prices. 


* Send for Standard 
Size and Price List 


H. 


GRAND 


F. COA CO. 


ee ee 


Standard Price Includes: 


. PRIME COAT 

. NEOPRENE GASKET 
. SUB PANEL 

. MOUNTING LUGS 

. CAPTIVE SCREWS 


We fabricate custom 
enclosures of all types € X 


601-607 OTTAWA N. W. 
, ae ee 





sll, 


Nylon 
Cap 
Nuts 


Nylon 
Threaded 
Rod 


Excellent dielectric properties— 
non-corrosive 


Tough, flexible Rod makes U-bolits, 
dielectric spacers, studs, etc. Use Cap 
Nuts with Rod or screws or as knobs. 
Write for literature and prices. 


5711 Northwest Highway Chicago 30, Ill. 


See us at the Coliseum, Booth 1214, DESIGN ENGINEERING SHOW 


TTR CREA LeU ae Lea UES 
MN RRC MUON CUS UCAS 


Requiring minimum space, minimum fixturization, and 
featuring extreme simplicity of operation aN) 
ATP CM ELEC ae Se a CACC LM Lie a Ca 0 
er Le LO ed 
of magnitude and position of unbalance For manufacturers 
or shops seeking a precision machine with great range 
PRET Us MU eee 
aracteristics at the lowest price available 


TT Aaa eee 


MICRO BALANCIN 


'¢) y re Lt I 


, INC. 


- 


Ohio Div., Associated Spring Corp., 1712 
Kast First. Dayton, Ohio 

Raymond Mfg. Co., Div. Associated Spring 
corp. Corry, Pa. 

Revere Copper and Brass, Inc., 230 Park 
Ave.. New York 17, N. Y. 

Shakeproof Div. of [llinois Tool Works, 
St. Charles Rd., Elgin, Ill 

Sylvania Electric Products, Inc., 1740 
Broadway, New York 19. N. Y. 

United-Carr Fastener Corp.. Cambridge 
42, Mass. 

Wenco Mfg. Co., 1136 West Hubbard, Chi- 
cago 22. Til 

Winzeler Manufacturing and Tool Co., 1712 
W. Arcade Place. Chicago 12, Ill 


STAMPINGS, NON-METALLIC 

Auburn Manufacturing Co.. 306-I Stack, 
Middletown, Conn. 

Continental-Diamond Fibre Div 
Budd Co., Inc., Newark 13, Del. 

Fryling Mfg. Co., Erie, Pa 

Richardson Co., 2799 Lake, Melrose Park. 
iil 

Stahlin Brothers Fibre Works, Inc.. Dept 
E, Belding, Mich 


of The 


STARTERS, FLUORESCENT. See Fiuo- 
rescent Lamp Auxiliaries 


STARTERS, MOTOR. See ‘ontrollers 
Motor; Push Button Stations 


STEATITE. See Ceramics 


STEEL (Commercial Forms and Grades) 
Alloy (A) 
Bars (B) 
Carbon (Cc) 
Coated (D) 
Enameling (E) 
Stainless (N) 
Cold Rolled Only (0) 
Sheets and Strips (8) 
Tubing (T) 
(See also Steel, Electrical) 


Acme-Newport Steel Corp., Newport, Ky 
(ADES) 

Allegheny Ludlum Steel Corp 
Bidg.. Pittsburgh 22, Pa. (NS) 

American Steel & Wire Div., U. 8. Steel 
Corp., Rockefeller Bidg., Cleveland 13, 
Ohio (NS) 


Barnes Co., Wallace, Div. Associated 
Spring Corp., 


Bristol, Conn. (8-CO) 
(Spring) 


Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 
(N) 

Columbia-Geneva Steel Div.. U. 8. Steel 
Corp., San Francisco, Calif. 

Crucible Steel Co. of America, Chamber 
of Commerce Bidg., Pittsburgh 19, Pa 
(ABCNS) 

Driver Co., Wilbur B., 150 Riverside Ave., 
Newark, N. J. (Stainless Steel Wire) 
National Tube Div., U. 8S. Steel Corp... 
Pittsburgh, Pa. 
Penn Precision Products, Inc., 501 Cres- 
cent Ave., Reading. Pa. (NS) 

Revere Copper and Brass, Ine 
Ave., New York 17, N. Y¥. (T) 

Ryerson & Son, Inc.. Joseph T., Chicago 
80, Ill. (ABCDENST) 

Sharon Steel Corp., Sharon, Pa. (ABCD 
ENST) 

— Tube Co., Norristown, Pa. (AC 
NT) 

Tennessee Coal & Iron Div., U. 8. Steel 
Corp., Fairfield, Ala. 

U._8. Steel Corp., 525 William Penn PI, 
Pittsburgh 30, Pa. (S-ACDN) (T-ACN) 

Washington Steel Corp.. 4-BB Woodland 
Ave., Washington, Pa. (NS) 


Oliver 


230 Park 


STEEL, ELECTRICAL (Silicon) 
(Sheets and Strips) 


Acme-Newport Steel Corp., Newport, Ky. 

Allegheny Ludlum Steel Corp., Oliver 
Bldg., Pittsburgh 22, Pa. 

Sharon Steel Corp.. Sharon, Pa 

U. 8. Steel Corp., 525 William Penn PI 
Pittsburgh 30, Pa. 


STRAIN RELIEFS. See Grips and Clamps. 
Strain Relief. 


STRIPPERS, WIRE 


Acme Wire Machine Co., 234 E. 3rd, New 
York 9, N. Y. 

Artos Engineering Co., 2737 S. 28th, Mil- 
waukee 7, Wis. 


Eraser Co., Inc., Rush Wire Stripper Div.. 


Syracuse 4. N. Y. 

Holub Industries, Inc.. 445 Elm, Syca- 
more, Ill. 

Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, IIL 

Wenco Mfg. Co., 


1136 West Hubbard 
Chicago 22, Ill. 


STRIPS, BLOCKS and BOARDS, 
TERMINAL 


AMP Incorporated, 2100 Paxton, Harris- 
burg, Pa. 

American Lava Corp., Chattanooga 5, Tenn. 

Buchanan Electrical Products Corp., 225 
Rte. 22, Hillside, N. J. 

Burndy Corp., Omaton Div., Norwalk, 
Conn. 

Cambridge Thermionic Corp., 453 Concord 
Ave. Cambridge 38, Mass 

Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

a “wed Co., 210 E. 6th, Dayton 2. 

o 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, Ill. 

Marathon Electric Mfg. Corp., Cherry & 
Randolph, Wausau, Wis. 

Molex Products Co., Brookfield, Ill. 


Mycalex Corp. of America, Clifton Blvd.. 
Clifton, N. J 
Stromberg-Carlson, A Div. of General Dy 


ea Corp., 117 Carison Rd., Rochester 
em 


Thomas & Betts Co., Inc., 
Elizabeth 1, N. J 
United States Gasket Co., Plastics Diy 


of The Garlock Packing Co., Camden 1 
N. J 


28 Butler, 


SWITCHES, AUTOMATIC and MANUAL 


Float (Liquid Level) (A) 
Limit (Snap-Action) (B) 
Maguetic «C) 
Mercury (D) 
Pressure (E) 
Therma! (F) 
Time (G) 
Transfer (H) 
Vacuum (J) 
Canopy and Fixture (K) 
Foot (L) 
Heater (Series Multiple) (M) 
Jack, Key and Lever (N) 
Panel (Oo 

Snap (Toggle. Slide. 

Kotary) (P) 
Remote Control (R) 
Selector (Ss) 
Through-Card (Snap) (T) 
Coaxial (I 
Motor Speed Control 
Rotary 
Coin 
Push Button 


See also Circuit Breakers; Push 
Stations; Controllers Motor ; 
Timers 

AEMCO. Inc., 
(GR) 

Adams & Westlake Co 

Allen-Bradley Co. 1316 &S. Second, Mil 
waukee 4. Wis. (ACEFJPR) 

Allied Control Co., Inc., 2 East End Ave.. 
New York 21, N. ¥. (CDGHR) 

Allis-Chalmers, Milwaukee 1, Wis. (RS) 

Anderson Controls, Inc.. 2777 Mannheim 
Rd., Des Plaines, Ill 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. (ACDHE 
MPRT) 

Automatic Electric Sales Corp.. 1033 W 
Van Buren, Chicago 7, Ill. (BCDGHL 
NRSTVW) 

Automatic Switch Co., 50-M Hanover Rd 
Florham Park, N. J. (CHR) 

Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa. (G) 

Bristol Co., Waterbury 20, Conn. (ADEF 
GJPRS) 

Centralab Div. of Globe-Union Inc., 962 
E. Keefe Ave., Milwaukee 1, Wis 
(NSW) 

Cherry Electrical Products Corp., 165 
Deerfield Rd., Highland Park, Ill, (BX) 

Circle F Mfg. Co., Trenton 4, N. J 
(KPWY) 

Cissell Mfg. Co., Inc.. W. M. 831 8 
First, P. O. Box 1143, Louisville, Ky 


(G) 

Clare & Co.. C. P., 3101 Pratt Blvd 
Chicago 45, IIL (SW) 

Clark Controller Co., 1146 E. 152nd, Cleve 
land 10, Ohio (C) 

Comar Electric Co., Addison. 
Chicago 18, Til. (N) 

Controls Co. of America, Soreng Div.. 
9551 Soreng Ave., Schiller Park, Ml 
(ABELPS) 

Cramer Controls Corp., Box 8, 
brook, Conn. (G) 

Crouse-Hinds Co., 
(DPSV) 

Curtiss-Wright Corp., Carlstadt, N. J. (F) 

Cutler-Hammer, Inc.. 12641 St. Paul Ave 
Milwaukee 1, Wis. (EGLI’W) 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J. (3S) 

Denison Manufacturing Co., HK. B., 102 
St. Clair Ave., N. W., Cleveland 13 
Ohio (B) 

Detroit Controls Corp., Div. of American- 
Standard, 5900 Trumbull Ave., Detroit 
8. Mich. (P) 

Dimco-Gray Co., 210 E. 6th, Dayton 2 
Ohio (G) 

Durakool, Inc., Elkhart, Ind. (D) 

Eagle Signal Corp., 202 20th, Moline, Il) 


Button 
Relays 


50 State, Mankato, Minn 


Elkhart, Ind 


3349 W. 


Center 


Syracuse 1, N Y 


(G) 

a MeOeonsh, Inc.. San Bruno, Calif 
(J) 

Electro-Snap Switch and Mfg. Co., 4238 
W. Lake, Chicago 24, Ill. (B) 

Electro Switch Corp., Weymouth 88, Mass 
(sw) 

Fasco Industries, Inc., Rochester 2, N. Y¥ 
(EJO) 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp... 100 Kingsland Rd., Clifton, N. J. 
(NS) 

Fenwal, Inc., 15 Pleasant, Ashland, Mass 
(F) 

Furnas Electric Co., 1024 McKee, Batavia 
Ill. (ABCEFLO) 

G-V Controls, Inc., 8 Hollywood Plaza. 
East Orange, N. J. (FG) 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn, (8) 
General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. Y. (ABCDEFGHIE 

MNOPRSTUVWY) 

Guardian Electric, 1627-E, W. Walnut, 
Chicago 12, Ill. (CFGHN) 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. (MOPRSU) 
Haydon Mfg. Cv., Inc., 2527 Elm, Tor- 

rington, Conn. (G) 

Heinemann Electric Co., 99 Plum, Tren- 
ton 2, N. J. (0) 

Hetherington, Inc., 1200 Elmwood Ave.. 
Sharon Hill, Pa. (P) : 

Kellogg Switchboard and Supply Co., 79 
W. Monroe, Chicago 3, Ill. (8) (Cross- 
bar) 

Lakewood Controls Corp., 264 E. Prairie. 
Crystai Lake, Ill. 

Leach Relay Div., Leach Corp., 5915 Ava- 
lon Blvd., Los Angeles 3, Calif. 
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RELAY 


(SERIES 130 RELAY) 


-..the most useful relay 
for industrial application 


LARGE 
LARGE SILVER CONTACTS 


self-cleaning 


MOULDED BAKELITE 


contact support 


MULTI-POSITION 
REMOVABLE 
MOUNTING BASE 


NO OTHER RELAY IS SO VERSATILE 


SPECIFICATIONS 


CONTACTS RATINGS COWS 


Single-and-double throw 60Cy.ACor24 VDC (Interchangeable) 

Aux. DT contacts available U.L. Approved 
DIMENSIONS tese—1" x 3%" 

Request complete data on Series 130 Relay. 


ay 










Reader 
Inquiry 
Service 









sue, either in 









reprints. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


GENERAL 
PURPOSE 


BINDING.HEAD SCREWS 
for No. 12 Wire or Lugs 


MOUNTING BASE 


Single-and-double pole 20 amp. af 115 V ACE DC te 230V Metal strop or bakelite. 
Base can be rotated 90 
degrees either direction 
Power—2 watts for mounting convenience. 


4 eZ 
UPI SIGNALS 





e If whatever spottes anywhere in this is- 
e editorial or advertising 

ages, stimulates a desire for additional in- 

ormation, it is only necessary for readers to 
record their interests on any one of the post- 
cards just preceding the back cover, in the 
manner suggested. The publisher will func- 
tion for readers, immediately contacting the 
sources for the data requested, or forwarding 
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THIS NEW-TYPE TAYLOR WIRING DUCT 


Pat. Pending 


You simply lay your wires in the duct, run them through holes 
to terminals, then snap on the cover — THAT’S ALL. No moving 
parts. No time wasted with hinges, cover screws, or mounting 
brackets. 





It’s a new concept in wiring automation control panels. It speeds 
| up production; eliminates old-fashioned, time-wasting lacing, 
bundling, or flat-wiring. Quick-and-easy maintenance! 


Taylor Wiring Duct is non-combustible; resists acids and alkalis 
— warp-proof, too, with high-impact strength. Although tough 
and rigid, it can be cut with a saw, tinsnips, or even a pocket knife. 














Wider range of sizes than 
any other duct — 
From %” x 3%” up to 
4”"°wx3’'H 
Made of tough Vinyl 
Plastic 

















WRITE FOR SAMPLE, LITERATURE, AND PRICES 


TAYLOR ELECTRIC, INC. 


15406 Dale Ave., Detroit 23, Mich., KEnwood 5-2500 









Round, square, rectangular, triangular, any shape, any 
size—Precision Paper Tube Co. can provide all your paper 
tubing needs. Your specifications are met to the most 
exacting tolerances. Precision Paper Tubes are sturdy, 
crush resistant, have high tensile strength and excellent 
dimensional stability. 


Send in your specifications for samples. Request Arbor 
List of over 2000 sizes. 


spel as Representatives in: 
alifornia, Oregon, Washington: Covina, California, Edgew - 
HMlinois, Indiana, lowa, Wisconsin, Minnesota: Chicago, He Anenitope 6-200 
Indiana, Ohio: Logansport, Indiana, Logonsport 2555 
Missouri and Southern Illinois: St. Louis, Mo., VOlunteer 3-2797 
Northern Ohio: Cleveland, Ohio, Atlantic 1-1060 
New England: Framingham, Massachusetts, Trinity 3-7091 
New Jersey, Delaware, Washington, D.C., Maryland, 
Eastern Pennsylvania, Virginia, Metropolitan New York: 
Jersey City, New Jersey, Swathmore 5-2480 
Upper New York: Rochester, New York, BRowning 1-6322 
CANADA: Montreal, Quebec, Canada, Walnut 0337 
MEXICO: Mexico 6, D.F., Telephone 35-06-18 


V PRECISION PAPER TUBE CO. 


2u35 W. CHARLESTON ST. CHICAGO 47, iLL. 
Plant No. 2: 1 Flower St., Hartford, Conn. 


ECISION 


SIMPLEX 


STRIPPERS 


WIRE ano currers 


e Clean Cutting 


e Precision Stripping 
e Fast Working 
e Easy Operating 


e Low Cost e Rapid Setup 


Gor gestation wine Suggests ond cutter wil outp and ant te tena 
all types of insulated wires including parallel lamp cord and heater 
cord, also cables 1” maximum diameter, in one easy operation. Send 
«ample wires and have your stripping problems engineered by Wenco. 


ASK FOR YOUR COPY OF NEW BULLETIN 


WENCO MANUFACTURING 
: aes STRIPPERS AND 
STAMPINGS ° 


co. 
CUTTERS 
SPADE BOLTS 


19136 WEST HUBBARD STREET, CHICAGO 22, 1LLINOIS 
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Leland, Inc., G. H., 
2. Ohio 
Littelfuse, Des Plaines, Ill, 
Lux Clock Manufac\uring Co 
bury 20, Conn. (G) 
McGraw-Edison Co., Instrument 
Dept. 53. West Orange, N. J. 
MecQuay-Norris Manufacturing 
Marconi. St. Louis 10, Mo. 
Mallory & Co., Inc., P. K.. 
6, Ind. (GNPSWY) 
Master Appliance Mfg. Co., Racine 2, Wis. 
Mechanical Industries Production Co., 211 
Ash, Akron 8, Ohio 
Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41, Ill. (ABCDEF) 
Micro Switch, a Div. of Minneapolis- 
Honeywell Regulator Co., Freeport, DL 


(BDFLSW) 
Miller-Harris Instrument Co., 601 _ E. 
Ogden Ave., Milwaukee 2, Wis. (G) 
Oak Mfg. Co., 1258 Clybourn Ave., Chi- 
cago 10, Tl. (NWZ) 

Ohmite Mfg. Co., 3613 Howard, Skokie 
tl, (NS) 

Pass & Seymour, Inc., 
racuse 9, N. Y. 

R-B-M “‘Control’’ Div., Essex Wire Corp., 
Logansport. Ind. 

Robertshaw-Fulton Controls Co., Acro Div.. 
Columbus 16, Ohio (B) 

Spencer Thermostat Div., Metals & Con- 
trols Corp., 3605 Forest, Attleboro, 
_ Mass. (EF) 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis. (ABCEFLOPR) 

Stackpole Carbon Co., St. Marys, Pa. (P) 

Stromberg-Carlson, A Div. of General Dy- 
a ae 117 Carlson Rd., Rochester 

ee, Inc., 1328 N. Halsted, Chicago 
22, . (N) 

Ther Electric & Machine Works, 
Jefferson, Chicago 6, Til. (8) 
Torq Engineered Products, Inc., 
Monroe, Bedford, Ohio (V) 
Ulanet Co.. George, 413 Market, 

5. N. J. (FG) 
Unimax Switch Div., The W. L. Maxson 
Corp., Ives Rd., Wallingford, Conn. (D) 
Ward Leonard Electric Co., 34 South 
Mount Vernon. N. Y. (CGHOR) 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30. Pa. (ABCDEFGHLOPS) 
Zenith Electric Co.. 152 W. Walton, Chi- 
cago 10, Ill (HR) 


128 Webster, Dayton 


, Inc., Water- 


Div., 
(FG) 
Co., 2322 
(EJ) 
Indianapolis 


Solvay Station, Sy- 


11A 8 
34 W 


Newark 


SYNCHROS. See Servomechanisms 


TACHOMETERS 

Bristol Co., Waterbury 20, Conn. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5. N. Y. 

Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, Ill. 

Reliance Electric & Engineering Co., 24701 
Duclid Ave., Cleveland 17, Ohio 

Weston Electrical Instrument Corp., A Sub. 


of Daystrom. Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


TAGS, TERMINAL 


National Band & Tag Co., 
Newport, Ky 
Natvar Corp., 207 
bridge, N. J. 


9-254, 
Wood- 


Dept. 
Randolph Ave., 


TANTALUM 


Fansteel Metallurgical Corp., 
cago, Tl. 
Mallory & Co., a 

6. Ind. 


TAPE. ADHESIVE and COIL 
FASTENING 


Armstrong Cork Co., 
caster, Pa. 

Dennison Manufacturing Co., 300 Howard. 
Framingham, Mass. 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd.. Chicago 6, IIL 

Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Ill. 

Kendall Co., Polyken Sales Div., 309 W. 
Jackson Blvd., Chicago 6, Tl. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn. 

Permacel Tape Corp., State Highway 25, 
New Brunswick, N. J. 


North Chi- 


Inc., Indianapolis 


7005 Ingersol, Lan- 


TAPE, FRICTION and SPLICE 


Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6. Ill 

Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace, Irving- 
ton 11, N. J. 

Spe ante. Box 14, New York 16, 


Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave.. Chicago 19, Ill. 
Kendall Co.. Polyken Sales Div., 309 W. 
Jackson Bivd., Chicago 6, TI. 
Minnesota Mining & Mfg. Co., 
Products Div., 
Paul 6, Minn. 


TAPE, INSULATING. See Fabrics, In- 
sulating; Sleeving and Tape, Asbestos; 
Tape, Friction and Splice; Tape and 
Sheeting, Synthetic Resin. 


TAPE, MAGNETIC RECORDING. 
Magnetic Recorder Components. 


Electrical 
900 Fauquier Ave., St. 


See 


TAPE, MICA. See Mica. 


TAPE and SHEETING, SYNTHETIC 
RESIN 


oom Co., Resinite Dept., Santa Barbara, 

Call 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del. 

du Pont de Nemours & Co, (Inc.), E. L, 
Plastics Div.. Polychemicals Dept., Wil- 
mington 98, Del. 

General Electric Co.. Chemical Develep- 
ment Dept., Pittsfield. Mass. 


Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicage 6, Ill. 

Irvington Div., Minnesota Mining & Manu- 
facturing Co., 9 Argyle Terrace, Irving 
ton 11, N. J. 

Kendall Co., Polyken Sales Div.. 309 W. 
Jackson Blvd.. Chicago 6, Ill. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6. Minn 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 

New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, N. J. 
Raybestos-Manhattan, Inc., Plastic Prod- 

ucts Div., Manheim, Pa. 
Shamban & Co., W. S. 11617 W. Jef 
ferson Blvd., Culver City, Calif. 
United States Gasket Co., Plastics Diy 
« ~~ Garlock Packing Co., Camden 1 
N. J. 


TAPES, MEASURING 
Keuffel & Esser Co., Hoboken, N. J 


TELEPHONES 


Crouse-Hinds Co.. Syracuse 1, N. Y. 

Kellogg Switchboard and Supply Co., 79 
W. Monroe. Chicago 3. Ill 

National Pneumatic Co., Inc., Holtzer- 
Cabot Div., 125 Amory, Boston 19, Mase 

Stromberg-Carlson, A Div. of General Dy- 
ee ee 117 Carlson Rd., Rochester 
8, N. ¥. 


TEMPERATURE CONTROLS. See Con 
trols, Pressure and Temperature; Relays 
Switches; Thermometers; Thermostats 


TERMINAL BLOCKS. See Strips. 
TERMINALS. See Lugs 


TEST EQUIPMENT, HUMIDITY- 
TEMPERATURE 


American Instrument 
Spring, Md 


TESTING CHAMBERS. See Chambem 
Test. 


TESTING 
ments. 


THERMAL SWITCHES. See Switches 


THERMISTORS. 


General Electric Co., Metallurgical Prod- 
ucts Dept.. 11131 E. 8 Mile Ave., De- 
troit 32. Mich. 

Thermistor Corp. of America, Gulton In- 
dustries. Inc., 212 Durham Ave., Me- 
tuchen, N. J. 


THERMOCOUPLES 


Assembly Products. Inc., Chesterland 14 
Ohio 


Baker & Co., Inc., 113 Astor, Newark 5 
N. J 


Bristol Co., Waterbury 20, Conn. 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. ¥ 

Rockbestos Products Corp.. 


Conn. 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 

Weston Electrical Instrument Corp., A sub. 
of Daystrom. Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 


and Terminals 


Co., Inc., Silver 


INSTRUMENTS. See Instru 
Also Tools, Portable. 


New Haven 4 


THERMOMETERS 


Assembly Products, 
Ohio 

Bristol Co.. Waterbury 20, Conn. 

McGraw-Edison Co., Instrument 
Dept. 53, West Orange, N. J 

Weston Electrical Instrument Corp., A’ sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 

Wheelco Instruments Div.. Barber-Colmap 
Co., 1403 Rock, Rockford, Ill. 


THERMOPLASTIC WIRE. See Wire and 
Cabie, Insulated. 


THERMOSTATIC BIMETALS 
Baker & Co., Inc., 113 Astor, Newark 5. 
N. J 


Brainin Co., C. S., 318 Washington, Mt 
Vernon, N. Y. 

Bristol Co., 153 Bristol Rd., Waterbury 
20, Conn. 

Chace Co., W. M., 1608 Beard Ave., De- 
troit 9. Mich. 

General Plate Div., Metals and Controls 
Corp., 1905 Forest, Attleboro, Mass. 

Wilson Co., H. A., Route 22, Union, N. J 


THERMOSTATS 

Acro Manufacturing Co., Columbus 16 
Ohio 

Barber-Colman Co., Dept. Q, 1803 Rock, 
Rockford, Ill. 

Bristol Co.. Waterbury 20, Conn. 

Curtiss-Wright Corp., Carlstadt, N. J 

Fenwal, Inc., 15 Pleasant, Ashland, Mass. 

G-V Controls. Inc., 8 Hollywood Plaza. 
East Orange. N. J. 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. Y. 

Hart Manufacturing Co., 211 Bartholomew 
Ave.. Hartford 1. Conn. 

McGraw-Edison Co., Instrument Div.. 
Dept. 53, West Orange, N. J. 

Mechanica! Industries Production Co., 211) 
Ash. Akron 8, Ohio 

Mercoid Corp., 4201 Belmont Ave.. Chi- 
eago 41, Ill. 

Robertshaw-Fulton Controls Co., Acro Div.. 
Columbus 16, Ohio 

Spencer Thermostat Div., Metals & Con- 
trols Corp., 3605 Forest, Attleboro, 
Mass. 

Mfg. 


Stevens Co., Ine., 
Mansfield, Ohio 


Inc., Chesterland 14. 


Div.. 


Lexington and 
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NEY'S SMALL PARTS PLAYA BIG PART IN PRECISIO 


S SMALL PARTS PLAY A BIG PART IN PRECISION INSTRUMENTS 


Consult Ney’s Engineering 
Dept. on any problem 
involving precious metals to 
improve your products. 


THE J. M. NEY COMPANY 
P.O. BOX 990 DEPT. © HARTFORD 1, CONN. 


Specialists in Precious Metal Metollurgy since 1812 


N 


Ss 


LAY A BIG PART IN PRECISION INSTRUMENT 


NEY’'S SMALL PARTS P 





. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 
Providence 5, Rhode Island 


63 Pavilion Avenue 


HEAT CONTROL — LIGHT CONTROL 
aaa mee melii tle 


close adjustment (AC or DC 


Portable Plug-in RHEOSTATS 


for APPLIANCES 


WTVH itit IND Vs 


for MACHINES and EQUIPMENT 


NATIONAL ELECTRIC CONTROLLER CO. 


7076 Glenwood Ave., Chicago 26, Ill. 


Cth to 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





This 
Voltage 


Maintains 
Filament 
Heating 


Voltage at 6.3 = 1% 


This is a standard, stock item, voltage stabilizer 
having an input voltage range of 95 to 130 volts 
and a nominal output of 6.3 volts stabilized at 
+1%. Available from stock in 15, 25 and 50 VA 
capacities. No need to engineer special circuits 
or design specially tapped transformers to pro- 
vide for filament heating at the required 6.3 
volts. These stabilizers will do the job — better 
and usually less costly. 


Output voltage stabilization is automatically 
obtained by a parallel combination of a fixed 
capacitance and a magnetic core inductance to 
provide the required variable capacitive current. 


Voltage stabilization is further improved with 
a compensating winding to balance the output 
circuit. 


Recovers 
Voltage Drop 


or Inductive 
Surge Within 


1/30th 
second 


The many design and performance features of 
Acme Electric stabilizers solve many problems 
caused by fluctuating voltage. Bulletin CVS- 
308, available on request gives full details and 
lists specifications of stabilizers up to 500 VA. 


ACME ELECTRIC CORPORATION 
355 WATER ST. CUBA, NEW YORK 





Baan) 
mr page 


*made to S.A.E. and 
Federal Govt. Specifications 


SEE HOW 
FELT 
FITS IN 


WITH YOUR 
CONTINENTAL FELT PRODUCTS 


fills hundreds 
of jobs daily ——— 


See why 


Btls TREET 


T&B GROUNDING SHEATH CONNECTORS 


eeeeee 
Inner and 


an 


Both Color-Coded 


See for yourself how easy it is to ground and 
terminate shielded or coaxial conductors. 
T & B manufactures these color-coded 
sleeve-type connectors for conductors from 
.058” to .297” in diameter. Ideal for all AF 
and RF applications. 

In seven bright, permanent colors accord- 
ing to size, T & B Grounding Sheath Con- 
nectors make it easy for you to select just 
the right size sleeves to fit the conductor. 
Simply slip inner sleeve under conductor 
braid. Add ground lead and slip on outer 
sleeve. Compress with T & B installing tool 

. also color-coded — and the job is done. 


|For FREE samples and technical data, call your 
Cuanpested nearby T & B Distributor or write: 


Connection 


THE THOMAS & BETTS CO. 


Incorporated 


28 Butler Street, Elizabeth 1, New Jersey 
Thomas & Betts Ltd., Montreal, P. Q., Canada 


MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 


Still-Man Manufacturing Corp., 
164th, New York 56, N. 
Torq Engineered Products, 


Ohio 
413 Market, 


Ulanet Co., 

5. N. J. 

Westinghouse Electric Corp., 
Center, Bidg. No. 3, 401 
Pittsburgh 30, Pa. 

Wheelco Instruments Div., Barber-Colman 
Co.. 1403 Rock, Rockford. Tl 

Wiegand Co., Bdwin L.. 7530 Thomas 
Bivd., Pittsburgh 8, Pa 

Wilcolator Co., 1001 Newark Ave 
beth, N. J 


429-33 E 
Bedford, 


Newark 


Inc., 
George 


Gateway 
Liberty Ave., 


Eliza- 


TIMERS, MOTOR 


ABMCO. Inc., 50 State 
Allen-Bradley Co., 
waukee 4, Wis 
Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44. Pa 
Bristol Co., Waterbury 20, Conn 
Bristol Motor Div.. Vocaline Co 
ica, Inc., Old Saybrook, Conn. 
Cramer Controls Corp., Box 8 
brook, Conn 
Controls Co. of 
9551 Soreng Ave 
Dimeo-Gray Co. 

Ohio 
angie Signal Corp.. 


Mankato 
1316 8 


Minn 
Second, Mil 


of Amer- 
Center 


America, Soreng Div., 
Schiller Park, Tl 
210 E. 6th, Dayton 2, 
202 20th, Moline 1, 
General Electric Co., 
Schenectady 5, N 
Haydon Co., A. W., 
bury 20, Conn. 
Haydon Mfg Co., 2527 

rington, Conn 
Industrial Timer Corp. 
Highway, Newark 4, N. J 
Lux Clock Manufacturing Co., Inc 
bury 20, Conn 
Mercoid Corp., 4201 Belmont 
eago 41, Ill. 
Miller-Harris 
Ogden Ave., 
Square D Co., 
kee 12, Wis. 
Stromberg-Carlson 
namics Corp., 


Apparatus Sales Div., 
Y 


234 N. Elm, Water- 


Elm, Tor- 
1411 McCarter 
J 
Water 


Ave., Chi- 
Instrument Co., 601 E 
Milwaukee 2, Wis 

4041 N. Richards, Milwau- 


A Div. of General Dy- 
: 117 Carlson Rd., Rochester 


Ward Leonard Electric Co., 34 South, 
Mount Vernon_N. Y. 

Westinghouse Electric Corp Gateway 
Center. Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 

Zenith Electric Co., 152 W 


Walton, Chi 
cago 10, Tl 


TIMERS, SPRING ACTUATED 


Elgin National Watch Co., Micronics Div 
Elgin, Til 


TIME SWITCHES. See Switches 


TOOLS, PORTABLE 


Barber-Colman Co., 


Dept. Q. 1803 Rock 
Rockford, Il. 


(Hardness Testing) 
Gardner-Denver, Keller Tool Div.. 
Haven, Mich. (Pneumatic) 
Master Appliance Mfg. Co., Racine 2, 
Ryerson & Son, Inc., Joseph T., 
Loyd, 


80. Ill 
1022-32 N 
Mo. 


Scruggs Co., 
St. Louis 1, 
Syntron Co., Homer City, Pa. 

Thomas & Betts Co., Inc., 28 Butler, 
Elizabeth 1, N. J. (Terminal Tools) 
United States Steel Supply Div.. United 
States Steel Corp.. 208 S. La Salle. 

Chicago 4, Til 


Grand 


Wis 
Chicago 


Sixth, 


TRACING CLOTH, FILM and PAPER 
Clearprint Paper Co., 1482 67th, Emery 


ville. Calif 
Keuffel & Esser Co., Hoboken. N. J. 
A Div. of General Aniline & Film 


Ozalid 
Corp., Johnson City, N. Y. 


TRANSDUCERS, PRESSURE 


Automatic Temperature Control Co., Sub. 
of Safety Industries, Inc., 5234 Pulaski 
Ave., Philadelphia 44, Pa. 

Electro Products Laboratories 
N. Ravenswood Ave., 

Servomechanisms. Inc 
Main 


Ine 4501 
Chicago 40, Ill. 

, Mechatrol Div., 625 
Westbury, L. L., N. Y. 


TRANSFER SWITCHES. See Switches 


TRANSFORMER HOUSINGS. See Cahi 
nets, Sheet Metal 


TRANSFORMERS, ELECTRONIC 

Acme Electric Co., Cuba, N. Y. 

Caledonia Electronics & Transformer Corp.. 
Dept. EM-11, Caledonia, N. Y. 

Chicago Standard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 18, Til. 
Comar Electric Co., 3349 W. Addison 

Chicago 18, Il. 

Dano Electric Co.. 93 Main. Winsted 
Conn. 

Electran Mfg. Co., 1901 Clybourn Ave.. 
Chicago 14, Til. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Transformer Corp., 18240 Harwood 
Ave., Homewood, Ill 

Nothelfer Winding Laboratories, P. 0. 
Box 455, Dept. 101, Trenton 3, N. J. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

One Heectrte Co., 4633 W. 16th. Chicago 

Standard Electrical Products Co.. 2240 E. 
Third. Dayton 3. Ohio 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 

United Transformer Co., 150 Varick, New 
York 13, N. Y. 

TRANSFORMERS, BALLAST. Sce Fluo- 
rescent Lamp Auxiliaries 


TRANSFORMERS. 
CURRENT 


Acme Electric Corp.. Cuba. N. Y. 

Allis-Chalmers, Milwaukee 1, Wis. 

Chicago Standard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 18, Tl. 

Comar Electric Co., 3349 W. Addison, 
Chicago 18, Il. 

Dano Electric Co., 93 Main. Winsted. 
Conn. 

Electran Mfg. Co., 1901 
Chicago 14, TL. 

Federal Telephone and Radio Co., Div. of 


International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 


INSTRUMENT 


Clybourn Ave.. 


General Electric Co., Apparatus Sales Div 
Schenectady 5. N. Y¥ 

General Transformer Corp., 18240 Harwood 
Ave.. Homewood, Tll 

om Sigetrte Co., 4633 W. 16th, Chicago 
50, b 

Westinghouse JElectric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30. Pa 

Weston Electrical Instrument Corp.. A sub 
of Daystrom, Inc., 614 Frelinghuysen 

Ave., Newark 5, N. J. 


TRANSFORMERS, POWER CIRCUIT 

Acme Electric Co., Cuba, N. Y¥ 

Allis-Chalmers, Milwaukee 1, Wis. 

Chicago Standard Transformer Corp., Ad 
dison & Elston Ave.. Chicago 18. Ill 

Comar Electric Co., 3349 W. Addison 
Chicago 18, DL 

Cutler-Hammer, Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis. 

Dano Electric Co., 93 Main, Winsted 
Conn. 

Dormeyer Industries, 3414 Milwaukee Ave 
Chicago, TIL 

Electran Mfg. Co., 1901 Clybourn Ave 
Chicago 14, Til. 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y. 

General Transformer Corp., 18240 Harwood 

Ave., Homewood, 

= Duty Electric Co.. Milwaukee 1. 


Vis. 
Nothelfer Winding Laboratories. P29. Bor 
455, Dept. 101, Trenton 3, N. J. 
Radio Corp. of America, Tube Div, Har- 


rison, N. J. 
Sola Electric Co.. 4683 W. 16th, Chicago 
50, TIL : 
2240 E 


Standard Electrical Products Co., 
Third, Dayton 3, Ohio 

Ther Electric & Machine Works, 114 
8. Jefferson, Chicago 6, IT. 

United Transformer Co., 150 Varick, New 
York 13. N. Y. 

Wagner Electric Corp., 6454 Plymouth 
Ave., St. Louls 14. Mo. 

Westinghouse Electric .. Gateway 

401 berty Ave 


Center, Bldg. No. 3, 
Pittsburgh 30, Pa. 


TRANSFORMERS, VARIABLE 
VOLTAGE 


Acme Electric Corp., Cuba, N. Y. 
Comar Electric Co., 3349 W. Addison 


Chicago 18, Il. 
1901 Clybourn Ave 


Electran Mfg. Co., 
Chicago 14, TIL 

Hevi Duty Electric Co., Milwaukee 1, Wis 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Standard Electrical Products Co.. 2240 E. 
Third, Dayton 3, Ohio 

Superior Electric Co.. 803 Middle, Bristol! 
Sonn. 


TRANSMISSIONS and PULLEYS, 
VARIABLE SPEED 


Lovejoy Flexible Coupling Co., 4802 W 
Lake. Chicago 44, TIL 


TRANSISTORS and CRYSTAL DIODES 


Clevite Transistor Products, 241 Crescent. 
Waltham 54, Mass. 

Federal Telephone ond Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Electronics Div.. 
Electronics Park, Syracuse 1, N. 

International Rectifier Corp.. 1521 E 
Grand Ave., El Segundo, Calif. 

International Resistance Co., 401 N. Broad 
Philadelphia 8, Pa. 

Hughes Products, Semiconductors, Div. of 
Hughes Aircraft Co., International Air- 
port Sta., Los Angeles 45, Calif. 

Radio Corp. of America, Tube Div., Har- 


rison, N. J. 
Sprague Electrie Co., 307 Marshall, North 
Products, Inc., 1740 


Adams, Mass. 

Sylvania Electric 
Broadway, New York 19, N. Y. 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9. Texas 

Transitron Electronic Corp., Wakefield 
Mass. 

Westinghouse Electric 
Center, Bldg. No. 
Pittsburgh 22. 


TUBE PARTS (Electronic). 
tr-nic Tube Components. 


TUBES, CATHODE RAY 


Du_ Mont Laboratories, Inc.. Allen B., 760 
Bloomfield Ave., Clifton, N. J. 

General Electric Co.. Tube Dept., Schenec- 
tady 5, N. Y. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 


Corp.. Gateway 
3, 401 Liberty Ave 


See Elec- 


TUBES. ELECTRON (industrial) 


Amperite Co., Inc., 561 Broadway, 
ork 12, N. Y. 

Du_ Mont Laboratories, Inc., Allen B., 760 
Bloomfield Ave., Clifton, N. J. 

Bitel-McCullough, Inc., San Bruno, Calif 

oe, Inc., 127 Sussex Ave., Newark 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 rie Co. Rd., Clifton, N. J. 


General Electric Co., Tube Dept., Schenec- 
tady 5, N. 


New 
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PRODUCT 
INFORMATION 


where you can always find 
a source of supply for any 
material or product you need! 
THOMAS REGISTER 


461 EIGHTH AVE., NEW YORK 1, N. Y. 















for complete 
selection of Basic 
Requirements for your Coil 
Winding needs it’s... 


Cott Winding Equipment Co. 


Write for complete 
technical literature 
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MARK WIRES PERMANENTLY! 














Easy To Apply Metal Tags, replace 
Obsolete String and Paper Methods 


@ Aluminum, steel, brass, 
or zinc. 

@ Big variety, many 
styles, and sizes 

@ For aircraft, radio, tele- 


phone, motor and gener- FREE i * AND FOLDER LISTING 
ator monufacture, etc. ALL STYLES AVAILABLE ON REQUEST 


NATIONAL BAND & TAG CO., P. 0. Box 9-254, Newport, Kentucky 






















READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





Minimum Dielectric Strength 
600 volts mil. 


Meets all Class B requirements 







ELECTRICAL 
INSULATING MATERIAL 


Dielectric strength — 600 volts per mil 
Tensile strength — 25,000 Ibs./sq. in. 












Thicknesses from .010 to .025” 
An asbestos-glass laminate 
No delamination or fraying 















High impact strength and arc resistance 
Will take any electrical varnish 


REPRESENTATIVES 


Atlanta —- Brownell Distributors, Inc. 
Boston Areo—Insulating Fabricators of 
New England, inc., Watertown, Mass. 
Chicago—Federal Insulation Co. 
Cleveland—-C. J. Voneman Associates 
Dallas—Electrical Supply Corp. 
Dallas—Summer Electric Co. 
Denver—Electric Motor Supply Co. 
East Rutherford, N. J.—Insulating 
Fabricators, Inc. 
Fort Worth—Electrical Supply Corp. 
Hamilton, Ontario—Buntin, Gillies & 


Co., Ltd. 
Houston—Houston Industrial Supply Co. 


Kansas City, Mo.—Ace Electric Co. 
Los Angeles—Tri-State Supply Corp. , 


Write for literature and free sample 


Mobile—Russell Electric Co. 

New York—Brownell Distributors, Inc. 

Newark—Electric Motors & Parts Corp. 

Oklahoma City—John H. Cole Co. 

Philadelphia—Electrical Maintenance 
Equipment Co. 

Pittsburgh—Herbert J. Graham 

Salt Lake City—J. R. Christiansen Agency 

San Francisco—Tri-State Supply Corp. 

Seattle—Tri-State Supply Corp. 

St. Lovis—Dale Painter 

Stamford, Conn.—J. A. Jones 


Toronto—Electric Insulation & Fibre 
Co., Lid. 
Woodbridge, N.J., Chalker Insulation Co. 


A 
EOL Rea 


88 Purchase St. ¢ Fall River, Mass. 






time switches — 

motor starters — 

lighting — equipment 

control — all applications 

requiring complete reliability and long service life. 


All parts are accessible—readily inspected, easily 
replaced. Full floating armature permits perfect 
magnetic seating, silences AC hum. 

Contacts are copper to copper. Heavy compres- 
sion springs assure contact pressure, quick opening. 
Coil will not overheat in 24-hr. continuous service. 

Zenith contactors are made for severe 
duty. Capacities to 400 amps. 


Send for this handy new bulletin 


See classified telephone directory 
for name of local distributor 


SN 
ZENITH ELECTRIC CO. 


132 WEST WALTON STREET ~- CHICAGO 10, ILLINOIS 





-———-WAXES 


~ 
~ 
ih 


~~~. COMPOUNDS 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio. tele- 
vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal. 


Special waxes non-cracking at —76 F 


Let us help you with your engineering 
problems. 
For immediate service contact: 

L. &. Mayer, Sales Manager 


A. Saunders, Technical Director 
4. Saunders, Chemical Laboratories 


Phone SOuth 8-0907 


ZOPHAR MILLS, INc. 
112-130 26th Street, 
Brooklyn 32, N. Y. 





Hughes Products, Electron Tube, Div. of Bristol Co., Waterbury 20, Conn. 


Hughes Aircraft Co., International Air- 
port Sta.. Los Angeles 45, Calif. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J 

Sylvania Electric Products, Inc., 1740 
Broadway, New York 19, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 


TUBES, METALLIZED GLASS. See 
Glass, Technical. 


TUBES, PHOTOELECTRIC. See Photo- 
electric Cells and Tubes. 


TUBES, THERMOCOUPLE 


Bristol Co., Waterbury 20. Conn. 
Kanthal Corp., 3 Amelia Place, Stamford, 
Conn. 


TUBING, ALUMINUM. See Aluminum. 


TUBING. BRASS, BRONZE and COP- 
PER. See Brass, Bronze and Copper. 


TUBING, FIBRE. See Fibre. 


TUBING. LAMINATED METAL. See 
Laminated Metals, Precious and Base 


TUBING, MICA. See Mica. 


TUBING NICKEL and NICKEL ALLOY. 
See Nickel and Nickel Alloy 


TUBING, PAPER 


Cleveland Container Co.. 6201 Barberton 
Ave., Cleveland 2. Ohio 

Continental-Diamond Fibre. A Sub. of The 
Budd Co., Newark 13, Del, 

Paramount Paper Tube Corp., 612 Lafay- 
ette, Ft. Wayne 2. Ind 

Precision Paper Tube Co., 2035 W. 
Charleston, Chicago 47. TL. 


TUBING, SILVER. See Silver and Silver 
Alloys. 


TUBING and SLEEVING. BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin.) 


Bentley, Harris Mfg. Co., 1205 Barclay, 
Conshohocken, Pa. 
Borden Co., Resinite Dept., 


Calif 
William, Willimantic, 


Brand & Co., Inc., 
Conn. 

Continental-Diamond Fibre, A Sub. of The 
Budd Co.. Newark 13, Del. 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ml. 

Irvington Div., Minnesota Mining & Manu- 
facturing Co., 9 Argyle Terrace, Irving- 
ton 11, N. J 

L.O.F. Glass Fibers Co., 1801 Madison 
Ave., Toledo 1, Ohio 

Natvar Corp.. 207 Randolph Ave., Wood- 
bridge, N. J 

Owens-Corning Fiberglas Corp., 598 Madi- 
son Ave., New York 22, N. Y. 

Varfiex Corp., 504 W. Court, Rome. N. Y. 

Westinghouse Electric Corp. Gateway 
Center. Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


TUBING and SLEEVING, EXTRUDED 
PLASTIC 


—— Co., Resinite Dept., Santa Barbara, 
“ali 
Brand & Co., Inc., William, Willimantic, 
Conn. 
General Electric Co., 
Decatur, IT11. 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd.. Chicago 6, TI. 
Irvington Div., Minnesota Mining & Manu- 
facturing Co., 9 Argyle Terrace, Irving- 

ton 11, N. J 

National Vulcanized Fibre Co., Wilming- 
ton 99. Del, 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 

New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, N. J 

Phalo Plastics Corp., Commercial & Foster, 
Worcester 8. Mass. 

Rogan Brothers, 8027 N. Monticello Ave., 
Skokie. Ill. 

United States Gasket Co., Plastics Div. of 
os Garlock Packing Co., Camden 1, 


Varflex Corp., 504 W. Court, Rome, N. Y. 


Santa Barbara, 


Plastics Dept.. 


TUBING STEEL. See Steel, Commercial 
Forms and Grades 


TUNGSTEN. See also Contacts. 
Fansteel Metallurgical Corp., North Chi- 


cago, Til 
Mallory & Co., Inc., P. R., Indianapolis 


6. Ind 


UNDERCUTTERS, 
Undercutters. 


UNIVERSAL JOINTS 


Lovejoy Flexible Coupling Co., 4802 W. 
Lake, Chicago 44, [ll 


MICA. See Mica 


VACUUM TUBES. See Tubes, Cathode 
Ray; Tubes, Electron, 


VALVES, MANUAL and MECHANICAL 


Ross Operating Valve Co., 133 E. Golden 
Gate Ave., Detroit 3, Mich. 


VALVES. MOTORIZED or SOLENOID 
OPERATED 


Automatic Switch Co., 50-M Hanover Rd.. 
Florham Park, N. J 

Automatic Temperature Control Co.. Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave.. Philadelphia 44. Pa 

Barber-Colman Co., Dept. Q, 1803 Rock 
Rockford, Ill 


Controls Co. of Awmeriva, Soreng Div.. 
9551 Soreng Ave., Schiller Park, Ill. 
General Electric Co., Apparatus Sales Div.. 
Schenectady 5. N. Y¥ 

MeQuay-Norris Manufacturing Co., 2322 
Marconi, St. Louis 10, Mo. 

Mercoid Corp., 4201 Belmont Ave., Chi- 
eago 41, Ill 

Ross Operating Valve Co., 133 E. Golden 
Gate Ave., Detroit 3. Mich. 

Skinner Electric Valve Div., New Britain 
Conn 

Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30. Pa 


VARNISHED FABRICS. 
Insulating. 


See Fabrics 


VARNISHES, COMPOUNDS and 
RESINS, INSULATING 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn 

Borden Co., Resinite Dept., Santa Barbara 
Calif 

Borthig Co., Inc., George C., Drawer 115, 
East Rutherford 6. N. J 

Brand & Co., 
Conn. 

Celanese Corp., of America, 290 Ferry 
Newark 5, N. J 

Ciba @.. - 627 Greenwich, New York 
a 

Dow Corning Midland, Mich 
(Silicone) 

du_ Pont de Nemours & Co., (Inc.), E. I 
Plastic Div., Polychemicals Dept. 
Wilmington 98, Del 

Durez Plastics Div. Hooker Electro- 
chemical Co., 1305 Walck Road, Nort! 
Tonawanda, N. Y 

General Electric Co.. Laminated Products 
Dept., Coshocton. Ohio 

Insulation Manufacturers Corp., 565 W 
Washington Bivd.. Chicago 6. III. 

Irvington Div., Minnesota Mining & Manu- 
facturing Co., 9 Argyle Terrace. Irving- 
ton 11, N. J. 

Mica Insulator Co... Sub. of Minnesota 
Mining & Manufacturing Co.. Schenec- 
tady 1. N. ¥ 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave.. St 
Paul 6. Minn. 

Oronite Chemical Co., 200 Bush, San 
Franciseo 4. Calif 

Sherwin-Williams Co., General Industria) 
Div.. Cleveland 1, Ohio 

Union Carbide & Carbon Corp., Silicones 
anv... Lexington Ave., New York 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave. 
Pittsburgh 30. Pa 

Zovhar Mills, Inc., 112-130 26th, Brooklyn 
a te Ss 


Inc., William, Willimantic 


Corp., 


VARNISHES, FINISHING. See Lacquers 
penne Paints and Varnishes, Finish 
ng. 


VARNISHES, INSULATING. See Var 
nishes. Compounds and Resins 


V-BELTS. See Drives. Belt. 


VIBRATION TEST MACHINES 


General Electric Co.. Apparatus Sales Div 
Schenectady 5, N. Y. 

Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30. Pa 


VIBRATORS 


Aerovox Corp.. New Bedford, Mass. 

American Television & Radio Co. St 
Paul 1. Minn 

Bristol Co., Waterbury 20. Conn 

malate & Co., Inc., P. R., Indianapolis 
, nd 

Oak Mfg. Co., 1258 Clybourn Ave.. Chi- 
cago 10, Ti 


WAXES and COMPOUNDS 


Biwax Corp.. 3443 Howard. Skokie, Ill 

Dow Corning Corp.. Midland, Mich 

General Electric Co., Laminated Products 
Dept. Coshocton, Ohio 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co.. Schenec- 
tady 1, N. Y. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6. Minn 

Pyroxylin Products, Inc.. Chicago 32, Tl 

on Moe Inc., 112-130 26th, Brooklyn 


WEDGES and PEGS. ARMATURE 


Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6. Til. 
Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenec- 

tady 1. N. Y. 
National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 


WELDING EQUIPMENT 


General Electric Co.. Apparatus Sales 
Div., Schenectady 5, N. Y. (Are) 

Precision Welder and Flexopress Corp., 
3520 Ibsen Ave.. Cincinnati 9, Ohio 
Revere Copper and Brass Inc., 230 Park 
Ave.. New York 17. N. ¥ 

Unitek Corp.. 258 Halstead Ave., Pasa- 
dena 8. Calif. 

Westinghouse Electric Corp., Gateway Cen- 
ter. Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30. Pa. 


WELD NUTS. See Fasteners 


WHEELS, BLOWER 

Master Appliance Mfg. Co., Racine 2, Wis 

Torrington Manufacturing Co., Torrington, 
Conn. 
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Save Set-up Time &XPERIMENTER’S CHASSIS || le le. 
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se nl 
Circuitry 


‘SCREWS 


Featuring the unique PUSH-IN Terminal that springs snugly 
into the holes of the board to provide quick set up of circuitry 
The serrated edges of the terminal forks firmly grip the leads of 

resistors and capacitors for testing without soldering. Terminal | 
has through hole, two side connections and small fork for 





REMEMBER ELCO 




























PHILLIPS SCREWS 


ELCO is one of the 
prominent sources for all 
types of “Phillips” 


transistor leads. Kit, sockets and brackets assemble with self- 
tapping screws. 










VECTOR ELECTRONIC COMPANY 


: Recessed-Head Screws. 
Write for . 
complete 3352 SAN FERNANDO ROAD At ELCO particular care 
; ; LOS ANGELES 65, CALIFORNIA is taken to maintain 
information. 


TELEPHONE CLinton 7-8237 the standardized 


specifications of the 
distinctive Phillips 
recess — for best 
performance and lowest 
handling cost on your 
assembly line. Many 
ELCO-PHILLIPS Screws 
are stocked for 
immediate delivery. 
Write for our stock list. 


Fully Automatic — Air Powered — SPEEDCRAFT 
CABLE STRIPPER 


Can be built to strip any size or length 
Backed by 30 years experience 


TRACE be 






"i 


( 










WOOD SCREWS 










Does the naan pn 
Job Right— TAPPING SCREWS 

AT LESS THREAD-CUTTING SCREWS 
GOST ccs PHILLIPS AND SEMS SCREWS 





ddd added 


TILL wubeblnhwe bub 


PIPE PLUGS 
Precision built to last a lifetime. An abundance of power at tremendous STOVE BOLTS 
speed with no damage to copper strands — easy to operate — always in CAP 
service. No repair parte except knives ever sold. Send 3 foot sample end LA SCREWS 
stripping specifications for full deta. G SCREWS 
DRIVE SCREWS 





SPECIAL SCREWS 
COLD HEADED PRODUCTS 


WIRE STRIPPER CO. © CLEVELAND, OMIG 
S 


DYKEM 
my STEEL BLUE 


: Stops VT < i — a 










ckage is 

A r i 8-oz. can fitted with 
making Dies and ; a). Bakelite cap holding 
re - soft-hair brush for - 

plying right at bench: 
metal surface ready for 
layout in a few minutes 
/\ The dark blue background 
makes the scribed lines 
show up in sharp relief, 
prevents metal glare. In- 

3 creases efficiency and 
1 accuracy. 


; Write for sampl. 
. Speen, enanee letterheod 


THE DYKEM COMPANY 
2308F North 11th St. © St. Lovis 6, Mo. 


Templates 
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1962 BROADWAY * ROCKFORD, ILLINOIS 
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now is the time... 


...to get the jump on Christmas appliance pro- 
duction with Star THERMOLAIN Standard Shapes 


for Heating Devices. 


Any standard plates—from 


254” to 8” diameter, including the popular 534” 

heater brick, are available for your application. 

Remember, an early order assures early delivery, 
so why not take action NOW? Our 
new data sheet shows sizes, weights 
and other pertinent information. 
Write for a free copy today. The Star 
Porcelain Company, 41 Muirhead 
Avenue, Trenton 9, N. J 


" STAR 


Calif. Representatives 


porcelain company 


So. Calif.: Edwin E. Starr, 4101 Rhodes Ave., N. Hollywood, Calif. STanley 7-5879 
No. Calif.: Thermo Materials, Inc., 44 Encino Ave., Palo Alto, Calif. DAvenport 6-2780. 





'/ Easy to Apply 
) No Special Tool Needed 
. One-Piece Construction 


“ t at oe A 


Write for 





COMPOUNDS 


FOR BLENDING 

to your specifications. Data 
and sampies furnished upon 
request. 


FOR IMPREGNATING 
coils, wire coverings, paper forms, 
porous ceramics, etc. 


FOR SEALING 


condensers, batteries, 
minals, etc. 


FOR DIPPING 


electrical component assemblies in- 
cluding corona loss barrier mate- 
rials. 

FOR POTTING 

transformers and electrical com- 
ponent assemblies with varying 
degrees of heat conductivity, 


FOR ENCAPSULATING 


coils, e.ectrical component assem- 
blies requiring higher thermal and 
moisture resistance. 


exposed ter- 


BIWAX CORPORATION 


3443 HOWARD ST. 


SKOKIE, ILLINOIS 





WINDING MACHINES. See Coil Wind- 
ing Machines. 


WIRE and CABLE. BARE 


American Brass Co., Waterbury 20, Conn. 

American Steel & Wire Div., U. 8. Steel 
Sorp.. Rockefeller Bidg., Cleveland 15, 

o 

Anaconda Wire and Cable Co., 25 Broad- 
way, New York 4, N. Y¥. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

Cornish Wire ae Ine., 50 Church, New 


York 7, N. 

Essex Wire Cort, Wire and Cable Div., 
Fort Wayne, Ind, 

General Cable , a Lexington Ave., 
New York 17, 

General Electrie os. "Denteneiion Mate- 
rials Div., Bridgeport 2, Conn. 

Page Steel & Wire Div., American Chain 
& Cable Co., Monessen, Pa. (Stainless 
or Carbon Steel, Armature Banding) 

Phelps- patee:: Copper Products Corp., Fort 


Wayne, In 
Riverside-Alloy Metal Div., = K. Porter 
John’ A., Sub. of 


Co., Inc., Riverside, N. 
Roebling’ s Sons Corp., 
Goente, Fuel & Iron Corp., Trenton 


Rome Cable Corp.. 
Ryerson & Son, Inc., 


Rome, N. Y 
Joseph T, Chicago 


Sylvania Electric Products, Inc.. 1740 
Broadway, New York 19, N. Y. 


WIRE and CABLE, INSULATED 
Asbestos (A) 
Rubber (B) 
Varnished Fabric (Cc) 
Thermoplastic (T) 
Coaxial Cable (X) 

American Steel & Wire Div., U. S. Steel 

pa Rockefeller Bldg., Cleveland 15, 

Amphenol Electronic Corp., —_ 8S. 54th 

Ave., Chicago 54, fp 0 

Anaconda Wire and Cable o., 25 Broad- 

way, New York 4, N. (ABCTX) 

Belden Mfg. Co., 4633 W. Van Buren, 

Chicago 44, Ill, (ABTX) 
Brand & Co., Inc., William, Willimantic, 
Conn. (TX) 

Chase Brass & Copper Co., Sub 

necott Copper Corp., 

Continental Wire Corp., Wallingford, 


Conn. (ATX) 
Cornish Wire ois pee. 50 Church, New 
Co reseems Co., Carol Table Div., Pawtucket, 


of Ken. 
Waterbury 20, Conn 


York 7, N. 


EKastern Insulated Wire Cerp., Walling- 
ford, Conn. (ABCT) 

Essex Wire Corp., Wire and Cable Div., 
Fort Wayne, Ind. (BT) 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
oP. 100 Kingsland Rd., Clifton, N. J. 

General om OND 420 Lexington Ave., 
New York 1 ¥. 


General Electric eX, Spee Mate- 
rials Div., Bridgeport 2, Conn. (ABCX) 

Gulton Mfg. Corp., Gulton hateceins. 
Inc., 212 Durham Ave., Metuchen, N. J 

Hitemp Wires. Inc., 26 Windsor Ave., 
Mineola, N. Y¥. (T) 

Microdot, 220 Pasadena Ave., South Pasa- 
dena, Calif. 

Phalo Plastics Corp., Commercial & Fos- 
ter, Worcester 8, Mass. (TX) 

Phelps-Dodge Copper Products Corp., Fort 
Wayne, Ind. (ABCTX) 

Plastoid Corp., 42-61 24th. Long Island 
City 1, N. ¥. 

Rockbestos Products Corp., New Haven 4, 


Conn, (AT) 
Roebling’s Sons Corp., John A., Sub. of 
Trenton 


oe Fuel & Iron Corp.. 

Rome Cable Corp., Rome N. Y. (BTX) 

— Corp., Pawtucket, R. I. 
A ) 


U._8. peer oy Rockefeller Center, New 
York 20, N. 


WIRE ouTTgss and STRIPPERS. See 
Strippers, Wire. 


WIRE CUTTING PLIERS and TWIST- 
ERS. See Pliers and Cutters, Wire. 


WIRE FORMS. See Springs. Coil anu 
Flat; Stampings, Metal. 


WIRE, MAGNET 

Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn 

Anaconda Wire snd Cable Co., 25 Broad- 
way, New York 4, N. 

Belden Mfg. Co., 4633 W. Van Buren, 
Chicago 44, Ill. 

Chase Brass & Copper Co., Sub. of Ken. 
necott Copper Corp., Wa-erbury 20, Conn 

Electric Auto-Lite Co.. Wire and Cable 
Div., Port Huren, Mich. 

Essex Wire Corp., Magnet Wire Div.. 


Fort Wayne 6. Ind. 
General Cable Corp., i Lexington Ave.. 
5 Construction Ma- 


New York 17, N 
General > 
terials .. Bridgeport 2, Conn. 
Hitemp Wires, Inc., 26 Windsor Ave., 
Mineola, N. Y. 
Phelps-Dodge Copper Products Corp., Ince 
Manufacturing Div.. Fort Wayne, Ind. 
ne bestos Products Corp., New Haven 4, 
onn. 
Roebling’s Sons Corp., John A., Sub. of 
a ed Fuel & Iron Corp., Trenton 2, 
Rome Cable Corp., Rome. N. Y. 
Sprauge Eleetric Co., 307 Marshall, North 
Adams, Mass. 
Tensolite Specialties, Inc., 198 Main, 
Tarrytown, Ze 


WIRE, MAGNETIC RECORDING. Sce 
Magnetic Recorder Components. 


WIRE MARKING MACHINES. See 
Marking Machines and Devices. 


WIRE, RESISTANCE 


Bristol Co., Waterbury 20, Con 

Driver Co. wir B., 150 "Riverside 
Ave., Newark 4, N. J. 

Driver-Harris Co., Harrison, N. J. 

Kanthal Corp., 3 Amelia Place, Stamford, 


Conn. 
Ney Co., J. M., P. O. Box 990 Hartford 1. 


Conn 
Riverside-Alloy Metal Div., H. K. Porter 
Co., Inc., Riverside, N. J. 


WIRE STRIPPERS. See Strippers, Wire. 


WIRE TIES 


H. F. Hanscom & Co., Inc., 
Ave., Providence 5, R. I. 


6 Virginia 


WIRING DUCTS. See cts, 


WIRING HARNESSES. See 
and Assemblies, Wire. 


WORK FEEDERS 
Mead Specialties Co.. 4114 N. Knox Ave. 
Dept. E-17, Chicago 41, Il. 


WORMS and WORM WHEELS. See 
Gears and Pinions. 


WRENCHES. SOCKET SCREW. See 
Socket Screw Keys and Wrenches. 


YARNS, BRAIDING and SERVING. See 
Fabrics, Insulating. 
ZINC 


New Jersey Zinc Co., 
York. N. Y. 


Wiring. 


Harnesses 


160 Front, New 





Reader Inquiry Service 


Postcard return cards are provided just preceding the 
back cover as a convenience to the reader in obtaining— 


New Components and Materials 
Additional data from the supplier of any item reviewed. 


Literature for the Asking 


A copy of any manufacturer’s publication reviewed. 


Feature Article Reprints 


Single copies of selected feature articles. 


Advertised Products 


More information on any product or service described. 
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“Got A Load On Your Mind? | Haven't’ 


0 


Pa 


2 Re 


your personnel but the security of your company and 






Nothing gives employees a more luxurious, satisfied 


feeling than that of financial security. And nothing is your country. Over forty million Americans have over 


easier for them to achieve when you provide the con- 40 billion dollars invested in United States Savings 


venience of automatic Payroll Savings Plan. 





Bonds—a backlog of purchasing power for the future. 









EVERYBODY BENEFITS EASY TO INSTALL 


Security breeds confidence —and confidence stimulates 





If your company does not now have a Payroll Savings 


job interest and results in steadier people who are far Plan.-or if employee participation is less than 50%, a 





more efficient in their work. Receiving those crisp Bonds 





letter to: Savings Bonds Division, U.S. Treasury De- 


at regular intervals along with their paycheck is an partment. Washington, D. C. will bring prompt assist- 





added inducement for employees to stay on the job. 





ance from your State Director. He will provide applica- 
Moreover, when you install the Payroll Savings Plan 










tion cards, promotional material, and as much personal 
in your company, you promote not only the security of 





help as you need. 





The United States Government does not pay for this advertising. The Treasury Department 
thanks, for their patriotic donation, the Advertising Council and 







Electrical 
Manufacturing 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


COMMUTATORS 


>A 


Functional 
Design 


Accurate 
Manufacture 


NipPERT COMMUTATORS incor- 
porate many new ideas and 
materials to ensure high preci- 
sion, outstanding performance 
and lowest cost, consistent with 
top quality. 


FUNCTIONAL DESIGN for the 
specific application, based upon 
speed, temperature and life re 
quirements. 


ACCURATE MANUFACTURE and 
inspection make the design 
expectations a reality. 


NipPERT can supply any volume 
of commutators for your applica- 
tion in sizes from 7%,” to 4”. 


* NIPPERT 


Electric Products Co. 





INDEX TO ADVERTISERS 


To communicate with advertisers either write direct or use postcards furnished 
expressly for that purpose which appear just preceding back cover. 








AGA Div., Elastic Stop Nut Corp. of 
America 386 
AMP Incorporated ... 30, 31 
Acadia Synthetic Products Div. of Western 
Felt Works se ; 5 92 
Acme Electric Corp. 399 
Acme-Newport Steel Co., A Sub. of Acme 
Steel Co. 353 
Acme Wire Co., The 408 
Adams & Westlake Co., The 175 
Aerovox Corp. 294 
Akron Porcelain Co. 383 
Allegheny Ludlum Steel Corp. 56 
Allen-Bradley Co. 203, 259, 260 
Allen Manufacturing Co. 357 
Allied Control Co., Inc. 85 
Allied Research Products, Inc. 296 
Allis-Chalmers, General Products Div. 225, 226 
Aluminum Co. of America 284 
American Brass Co., The 217 
American Crucible Products Co., The 214 
American Insulator Corp. 358 
American Lava Corp., A Sub. of Minnesota 
Mining and Manufacturing Co. 45 
American Nickeloid Co. 330 
American Platinum Works, The 227 
American Spring & Wire Specialty Co. 198 
American Steel & Wire Div., United States 
Steel Corp. 82, 83 
American Television & Radio Co. 280 
Amperite Co., Inc. 382 
Amphenol Electronics Corp. 276 
Amplex Div., Chrysler Corp. 333 
Anaconda Wire & Cable Co., Magnet Wire 
Headquarters 78, 79 
Arens Controls, Inc. 395 
Armstrong Cork Co., Industrial Div. 37 
Arnold Engineering Co., The 257 
Arnold Magnetics Corp. 384 
Arrow-Hart & Hegeman Electric Co., 
The 191, 192 
Artos Engineering Co. 304 


Baker & Co., Inc. 341 
Barber-Colman Co. 12 
Bausch & Lomb Optical Co. 210 
Belden Manufacturing Co. Inside Front Cover 
Bentley, Harris Manufacturing Co. 181, 244 
Berkeley Div., Beckman Instruments, Inc. 33 
Beryllium Corp., The 36 
Biwax Corp. 404 
Bodine Electric Co. 2 
Borden Co. The, Resinite Dept., Chemical 
Div. 348 
Borg Equipment Div., The George W. 
Borg Corp. 233 
Borthig Co., Inc., George C. 300 


Cambridge Thermionic Corp. 223 
Cannon Electric Co. 359 
Carter Motor Co. 204 
Century Electric Co. 365 
Chace Co., W. M. 314 
Chase Brass & Copper Co., Sub. of Kenne- 

cott Copper Corp. 239 
Chatillon & Sons, John .. 306 
Chicago Condensor Corp. . 350 
Cincinnati Ventilating Co. 310 
Circle F Mfg. Co. 238 
Cissell Mfg. Co., Inc., W. M. 388 
Clark Controller Co., The 367 
Cleveland Cap Screw Co., The 84 
Climax Metal Products Co. 391 
Coil Winding Equipment Co. .. 401 
Columbia-Geneva Steel Div., United States 

Steel Corp. 82, 83, 295 
Comar Electric Co. 292 
Continental-Diamond Fibre, A Sub. of 

The Budd Co. ; 20 
Continental Felt Co., Inc. 400 
Control, A Div. of Magnetics, Inc. 38, 39 
Cords Limited Div., Essex Wire Corp. 44 
Cornish Wire Co., Inc. 29 
Cosmo Plastics Ce. 186 
Coto-Coil Co., Inc. 399 
Cottrell Paper Co., Inc. 401 
Cox Co., H. F. 395 
Croname Inc. 298 
Crouse-Hinds Co. 194 
Curtiss-Wright Corp., Electronics Div. 336 
Cutler-Hammer, Inc. 371 





D & R Ltd. 326 
Dales Co., The Franklin 228 
Dano Electric Co., The 236 
Davies Molding Co., Harry 381 
Deluxe Coils, Inc. a 
Dennison . 318 
Dialight Corp. 196 
Diehl Manufacturing Co., Electrical Div. 
of The Singer Manufacturing Co. 334 
Dimco-Gray Co, -.. 306 
Doehler-Jarvis Div. of National Lead 
Co. 70, 71 
Dow Chemical Co., The 
Dow Corning Corp. 
Driver-Harris Co. ; 
du Pont de Nemours & Co. (Inc.), E. I. 
Polychemicals Dept. 185 
Durakool, Inc. 214, 374 
Durez Plastics Div., Hooker Electrochem- 
ical Co. 86, 87 
Dykem Co., The 403 


Eaton Manufacturing Co., 
Dynamatic Div. 61 
Eclipse-Pioneer Div., Bendix Aviation 
Corp. ; . 327 
Edison Industries, Thomas A., McGraw- 
Edison, Instrument Div. sae 
Elastic Stop Nut Corp. of America 349 
Elco Tool and Screw Corp. 403 
Electran Mfg. Co. 392 
Electrical Industries, A Div. of Philips 
Electronics, Inc. 
Electric Specialty Co. 
Electro-Snap Switch and Mfg. Co. 
Electro Switch Corp. 
Electro Technical Products Div. of Sun 
Chemical Corp. 261 
Elgin National Watch Co., Electronics Div. 242 
Enjay Co., Inc. 297 
Erie Electro-Mechanical Div., Erie 
Resistor Corp. 246 
Essex Wire Corp., R-B-M ‘Control’ 
Div., Wire and Cable Div., 
Cords Limited Div. 


Fansteel Metallurgical Corp. 205, 234, 235 
Fasco Industries Inc. 299 
Fastex Div. of Illinois Tool Works 51 
Federal Pacific Electric Co. 346 
Federal Tool & Mfg. Co. 394 
Filtors, Inc. 287 
Fluidwick Co. 15 
Ford Radio & Mica Corp. 182 
Furnas Electric Co. 


G-V Controls Inc. 

Gardner-Denver Co. 

Gear Specialties, Inc. 

General Ceramics Corp. 

General Electric Co. 
Apparatus Sales Div. 16, 17, 54, 55, 74, 75, 

184, 219, 279 

Plastics Dept. 273 

General Industries Co., The 188 

General Plate Div., Metals & Controls 
Corp. 

Gibson Electric Co. 362 

Goodrich Chemical Co., B. F., a div. of 
The B. F. Goodrich Co. - 

Gries Reproducer Corp. : 204 

Guardian Electric 

Gudebrod Bros. Silk Co., Inc., Electronics 
Div. 


Handy & Harman 

Hardwick, Hindle, Inc. 

Harrington & King Perforating Co., Inc., 
The : 

Hart Manufacturing Co., The 

Hassall, Inc., John 

Heinemann Electric Co. 

Helipot Corp., A Div. of Beckman Instru- 
ments, Inc. 284, 

Hermaseal Co., Inc., The 


MAY 1957 ELECTRICAL MANUFACTURING 





INDEX TO ADVERTISERS 


To communicate with advertisers either write direct or use postcards furnished 
expressly for that purpose which appear just preceding back cover. 


Hess, Goldsmith & Co., Inc., Horace 
Linton Div. 366 
Heyman Manufacturing Co. 310 
Hobbs Corp., John W., A Div. of Stewart- 
Warner 340 
Hoffman Engineering Corp. 50 
Hoffman Semiconductor Div, of Hoffman 
Electronics Corp. 281 
Hollingsworth & Vose Co. 218 
Holtzer-Cabot Motor. Div., National Pneu- 
matic Co., Inc. 180 
Hoover Co., The, Die Casting Div. 195 
Howell Electric Motors Co. 275 
Hussey & Co., C. G. (Div. of Copper 
Range Co.) 337 


Ideal Industries, Inc., 387 
Ideal-Simplet Fittings, Inc., A Sub. of 
Ideal Industries, Inc. 332 
instrument Specialties Co., Inc. 340 
International Business Machines Corp. 249 
International Electronic Research Corp. 342 
Internatioal Nickel Co., Inc., The 319 
Irvington Div., Minnesota Mining and 
Manufacturing Co. 247 


Janette Electric Mfg. Co. 351 

Johns-Manville 76 

Johns-Manville, Dutch Brand Products 212, 213 

Jones Div., Howard B., Cinch Manufac- 
turing Corp. 


Kaiser Aluminum & Chemical Sales, 
Inc. 277; 

Kanthal Corp., The 

Kearfott Co., Inc., A Sub of G. P. E. 

Kester Solder Co. 

Keuffel & Esser Co. 

Killark Electric Manufacturing Co. 

Kirk & Blum Mfg. Co., The 

Kreuger & Hudepohl, Inc. 

Kuhn & Jacob Molding & Tool Co. 


Lamb Electric Co., The, A Div. of Amer 
ican Machine and Metals, Inc, 

London Chemical Co., Inc. 

Lovejoy Flexible Coupling Co. 

Lux Clock Manufacturing Co., Inc., The 


McQuay-Norris Manufacturing Co. 313 
MacLean-Fogg Lock Nut Co. 388 
Magnecraft Electric Co. 280 
Magnetic Amplifiers, Inc. 376 
Magnetics, Inc. 38, 39 
Malco Tool and Manufacturing Co. 366 
Mallory & Co., Inc., P. R. 43, 211, 263, 355 
Marathon Electric 208 
Master Appliance Mfg. Co. 256 
Master Electric Co., The Inside Back Cover 
Mechanical Industries Production Co. 360 
Mercoid Corp., The 394 
Micro Balancing, Inc. 396 
Micro Switch, A Div. of Minneapolis- 
Honeywell Regulator Co. 62, 63 
Midwest Molding and Manufacturing Co. 389 
Miller Co., The, Rolling Mill Div. 338 
Miller-Harris Instrument Co. 228 
Minnesota Mining and Manufacturing Co. 375 
Moseley Co., F. L. 244 
Mosinee Paper Mills Co. 290 
Motoresearch Co. 236 


National Band & Tag Co. 401 
National Carbon Co., A Div, of Union 
Carbide and Carbon Corp. 32 
National Electric Controller Co. 399 
National Lock Co. 393 
National Lock Washer Co., The 329 
National Pneumatic Co., Inc., Holtzer- 
Cabot Motor Div. 180 
National Vulcanized Fibre Co. 57, 58, 59, 60 
Natvar Corp 209 


New Departure, Div. of General Motors 
Corp. 

New Hampshire Ball Bearings, Inc. 

New Jersey Wood Finishing Co. 

New Jersey Zinc Co., The 

New York Belting & Packing Co. 

Ney Co., The J. M. 

Nice Ball Bearing Co. 

Nippert Electric Products Co., The 

Nosco Plastics, Inc. 


Oak Mfg. Co. 

Ohmite Manufacturing Co. 

Orange Products Inc. 

Oster Manufacturing Co., 
John, Avionic Div. 

Ozalid, A Div. of General Aniline & 
Film Corp 


Page Steel and Wire Div., American 
Chain & Cable 

Paramount Paper Tube Corp. 

Parker Appliance Co., The, Rubber 
Products Div. 

Parker-Kalon Div., General American 
Transportation Corp. 

Pass & Seymour, Inc. 

Permacel Tape Corp. 

Phalo Plastics Corp. 

Phelps Dodge Copper Products Corp., 
Inca Manufacturing Div. 

Phillips Control Corp., An Allied 
Paper Corp. Sub. 

Phoenix Electric Manufacturing Co, 

Plastics Engineering Co. 

Plastoid Corp. 

Potter & Brumfield, Inc., Sub. of Ameri- 
can Machine & Foundry Co. 

Precision Paper Tube Co. 

Prestole Corp. 

Price Electric Corp. 


R-B-M “Control” Div., Essex Wire Corp. 

Radio Condenser Co. 

Radio Corp. of America 

Radio Receptor Co., Inc., Semiconductor 
Div., Sub. of General Instrument Corp. 

Rae Motor Corp. 

Raybestos-Manhattan, Inc., Plastic 
Products Div. 

Reliance Electric and Engineering Co. 

Revere Copper and Brass Inc. 

Rex Rheostat Co. 

Reynolds Metals Co. 

Richardson Co., The 

Riverside-Alloy Metal Div., H. K. 
Porter Co., Inc. 

Robertshaw-Fulton Controls Co., Acro Div. 

Rockbestos Products Corp. 

Roebling’s Sons Corp., John A., Sub. of 
The Colorado Fuel and Iron Corp. 

Rogan Brothers 

Rome Cable Corp. 

Ross Operating Valve Co. 

Royal Electric Corp., An I1.T.&T. Associate 

Russell, Burdsall & Ward Bolt and 
Nut Co. 

Ryerson & Son, Inc., Joseph T. 


SKF Industries, Inc. 

Saginaw Steering Gear Div., General 
Motors Corp. 

Sanborn Co., Industrial Div. 

Scott, H. H. 

Scruggs Co., The Loyd 

Sensitive Research Instrument Corp. 

Servomechanisms Inc., Mechatrol Div. 

Servospeed Div. of Electro Devices, Inc. 

Seymour Manufacturing Co., The 

Sharon Steel Corp. 

Shell Oil Co, 

Sherman Manufacturing Co., H. B. 

Skinner Electric Valve Div. 

Sola Electric Co. 

Somers Brass Co., Inc. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


44 
307 
352 


49 
381 


323 
317 


Back Cover 


383 
289 
315 


302 
368 
379 


293 
378 
201 

9 
390 


283 
378 





SPARTA 


is your best source for 


TEFLON* 


MT 


Why? 


e Trained Fluorocarbon Engineers 
to assist you 


e Patented Process (Pat. No. 
2,781,552) of Custom Molding 


e Precision Engineered for Quality 
Control 


¢ Modern Manufacturing Methods 
e Fast Delivery — Economical 


Because of its unusual 
characteristics and 
combination of prop- 
erties, TEFLON offers 
product improvement 
opportunities te de- 
signers of electrical 
equipment never be- 
fore possible. 


When you think of 
TEFLON 
think of SPARTA! 


Not only can we fill your require- 
ments for Custom Molded Teflon in 
thin sections and shapes . . . we 
carry a COMPLETE STOCK of all 
standard Teflon products. 


The first cost 
can be the 
least . . . if it 
is the last 
cost. 


*DuPont’s Tetrafluorocethylene Resin 


SPARTA MANUFACTURING CO. 


Division of United States Ceramic Tile Co 


a PHONE 4-2380 


WESTERN DISTRICT OFFICE 
Phone: ANGELUS 3-6359 Los Angeles, California 


407 
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ACME ISONEL WIRE 


Plus Acme #150 Varnish 
Equals Class B 


Equals MIL-T-27A, Class $ 


Freed Transformer Co., Inc., Brooklyn, N. Y.., 
a leader in engineering and manufacturing 
of transformers and reactors for the electronics 
industry, has found in the above equation the 
solution to the manufacturing and performance 
problems of Class B (MIL-T-27A, Class S$) com- 
mercial and military units. 


Acme ISONEL Wire is a Class B (MIL-T- 
27A, Class S) wire. However, optimum insula- 
tion system performance can be achieved only 
when this wire is impregnated with a compatible 
varnish. Acme +150 is that varnish. 


Acme +150 Varnish does not require a high 
temperature cure. It has excellent resistance to 
oils. 


Acme +150 Varnish meets all the require- 
ments of Specifications MIL-V-1137A, Class 
CB, Type M, for government equipment. In 
fact, it exceeds the heat resistance require- 
ments of this Specification by 50%. 


Acme +150 Varnish improves thermal 
stability, while maintaining dielectric strength, 
when used in Class B (MIL-T-27A, Class S) 
windings. 


Integrated Electrical Products of Highest 
Quality for More Than Fifty Years 


Aeme 


THE ACME WIRE CO. 


Magnet Wire + Coils + Varnished Insulations + Insulating Varnishes and Compounds 


Wire 


NEW HAVEN, CONN. 
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To speed up the servicing 
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here. The cards on this page Electrical Manufacturing 
are for use in requesting 
data pertaining to the edi- 
torial pages — reprints of 1250 Sixth Avenue 
editorial articles, detailed 
information on new com- 
ponents and materials, also 
manufacturer’s literature as 
reviewed in the editorial 
pages. 

The postcards on follow- 
ing page are for use in re- 
questing further information FIRST CLASS 
on advertised products or PERMIT NQ. 45 
services — including techni- SEC.34.9.P.L.&R. 
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printed matter as offered 


in the current advertise- BUSINESS REPLY CARD 
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Circle appropriate numbers on card below to request Editorial 
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Reprints of 
Editorial Features 
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Articles are chosen for re- 
printing if they are espe- 
cially significant or include 
data that lends itself to per- 
manent filing. 

Due to a heavier reader 
demand than can be foreseen 
at time of original order it 
becomes necessary to re- 
print some features several 
times. 

Tear sheets of non-reprint- 
ed features are available in 
limited number, and can be 
had by letterhead request. 


Advertised Products ' 
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ers are using the pages of 
ELECTRICAL MANU- 
FACTURING, primarily to 
sell their products and serv- 
ices. 

However, these ads not 
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Often these advertisements 
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that can be put to practical 
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help solve a_ particular 
problem. 


To request information from Advertising pages... 
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Want More 


Information? 


USE THESE CARDS 
TO GET... 


¢ Reprints of 
Feature Editorial 
Articles 


More Detailed 
Information on 
New Components 
and Materials 


Latest Catalogs 
and Bulletins 


More Information 
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No Margin for Air- 
No Margin for Error 


ANOTHER DRIVE REQUIREMENT MEETS ITS MASTER 


Yes, it’s a fact—unless you remove the air from the 
clay, you get a no-good tile. And whether air is your 
problem, or not—error is always a problem. And it’s 
never a mistake to come to Master for the right power 
drive. In every kind of industry, Master customized 
package drives give you the utmost in flexibility, 
compactness and performance. 


Here, the primary requirement is power—and the 
husky, big 200 H.P. Master fills the bill year in and 
year out. Your requirements might be better met by 
integrating Master components into a single, efficient, 
compact unit for the right horsepower, right shaft 
speed and right mounting features. What are they? 
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UNDER THE CONTROL ROOM at the H. A. 
Wagner Station Unit #1 of the Baltimore Gas & 
Electric Company, showing Revere COPPER Tube 
at the right and left. Revere ALUMINUM tubes 
in CRESCENT ARMORED MULTITUBE are used 
for the long runs to this point because of the 
lower cost of aluminum tubing. 21 runs of 
ARMORED MULTITUBE comprising 140 alumi- 
num tubes enter this panel at top and bottom 
center. Note sharp bends that can be made with 
both Revere COPPER and ALUMINUM Tubing. 
MULTITUBE made by CRESCENT INSULATED 
WIRE & CABLE COMPANY, Trenton 5, New Jersey. 
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CRESCENT relies on REVERE 


for dependable performance of its instrumentation and control tubing 
REPORTS, “NOT ONE FAILURE.” 


The dependable performance of Revere Copper Tube in 
Crescent Armored Multitube*, ever since its inception, 
has led the CRESCENT INSULATED WIRE & CABLE 
COMPANY to fill its aluminum tube needs with Revere 
also. 

In fact, Crescent, since it first started using Revere 
Copper Tube in 1953, reports not a single failure. And 
that’s mighty important in instrumentation and control 
tubing service where utilities, chemical processing, pe- 
troleum, paper and similar industries can’t afford the 
luxury of process failures. 

Crescent Multitube, using either Revere Copper or 
Aluminum Tube, or both in combination, offers a com- 
pletely protected installation for permanence, lower orig- 
inal installation cost, lower maintenance and a saving of 
time, space and money. 

Crescent Armored Multitube consists of a group of 
Revere Copper or Aluminum Tubes, twisted together in 
cable form, protected by a flexible interlocked galvanized 
steel armor. Constructions are available employing plastic 
sheaths in combination with the armor for corrosive 


locations. Section of cabled tube pictured shows how 
Copper or Aluminum Tubes are encased inside the 
Armored Multitube. As many as 37 tubes of %4’’ OD can 
be cabled in lengths up to 1,000 fe. 

For details on Multitube write Crescent and for uniform 
quality copper and aluminum tube, speedily delivered, 
see the nearest Revere Sales Office. *Reg. Trademark 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 


Mills: Rome, N. Y.; Baltimore, Md.; 
Chicago, Clinton and Joliet, IIl.; 
Detroit, Mich.; Los . Angeles and 
Riverside, Calif.; New Bedford, 
Mass.; Brooklyn, N. Y.; Newport, 
Ark.; Ft. Calhoun, Neb. Sales Offices 
in Principal Cities, Distributors 
Everywhere. 





